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Figure 3. The Chagos Archipelago. From Admiralty Charts and 
Ocean Plotting Sheets and reproduced with the sanction of 
the Controller, H.M. Stationery Office and of the 
Hydrographer of the Navy. (From ARB 149), 


CENTRAL WESTERN INDIAN OCEAN BIBLIOGRAPHY 


By A. J. Peters! and J. F. G. Lionnet? 


INTRODUCTION 


The Indian Ocean, though still the least known of the oceans, 
has been studied greatly since the international expeditions of the 
1960s. This bibliography is offered as a further contribution thereto. 
It stems from an earlier and much smaller publication by one of us 
(PETERS, A.J. 1957). It is the fruit of our own reading, and not the 
result of a systematic search of, say, library catalogues, indexes of 
journals or collections of abstracts. It provides a key to four and a 
half centuries of Indian Ocean exploration and research, and is an 
annotated and indexed list of published scientific work bearing on the 
smaller British-held islands and included seas in the western Indian 


Ocean. 


The greatest problem in compiling it has been to decide what to 
leave out. We'finally chose an area as the main criterion for 
inclusion, namely a "rectangle" bounded by latitude 2 to 11° south and 
longitude 45 to 75° east. Only work which refcrs specifically to 
places within this band is in. Here lie all the British-held or 
formerly British-held islands of the western part of the ocean except 
Mauritius and Rodriguez. Included, therefore, are the Aldabra, 


Amirantes, Chagos, Farquhar, Providence and Seychelles groups, the 


‘school of Education, University of Liverpool 


Sneraleul tural Department, Seychelles 


2 


Agalega Islands and Coetivy Island, and the Fortune, Saya de Malha, 
Seychelles and Swift Banks. Excluded are the Cargados, Comores, 
Glorieuses, Laccadive, Maldive and Mascarene groups, Tromelin Island, 
the Nazareth Bank, the islands of the Mozambique Channel, and, of 
course, Africa and Madagascar and their coastal islands. The word 
"scientific" as used above has been interpreted broadly, to include 
general, narrative and popular accounts, in the social as well as 
natural sciences, but not narrative political history or contemporary 
politics. The word "published" includes mimeographed material, but not 
manuscript or typescript single copies, nor material in preparation. 
Annotations have usually been omitted where the title was thought to 


be sufficiently explanatory. The time span is 1519 to 1971. 


No bibliography is perfect, and we would be far from claiming 
that this one is. Omission of material that should have been included 
is inevitable; and we are particularly conscious of this risk in 
relation to Japanese and Russian work, and, of course, to publications 
too recent to have come to our notice. The annotations are not wholly 
consistent nor the indexes foolproof. Neither of us is a trained 
bibliographer, librarian or linguist; we have had to do the work in 
little bits of time over a long period; and we have had-almost no 
assistance. However, at least we can say that nearly every item has 
been seen and checked at first hand by one of us and marked with a 
location code to indicate where. The mere 120 or so that have eluded 


both of us are marked "ns", without a §. 


Our thanks are due to the Government of Seychelles, the Trustees 
of the Leyerhulme Foundation and the University of Liverpool for 
financial aid; to librarians, particularly Anne Fishburn, Geoff Smith 
and John Yaughan, who have patiently laboured to find the items; to 
Barbara Evans, Susan Peters and Michael Peters for help with editorial 


work; and to Inez M. Peters for translation from Russian. 


July 1972 


‘NOTES 


The order of arrangement of authors' names and the plan of each 
item are based on recommendations in the British Standards 
1951). Thus the year placed immediately after the author's name is 
the year of issue, or priority, not necessarily the year appearing on 
the title page of the printed publication. By "year of issue or 
priority" is meant the year in which the work was actually communicated 
or appeared, or as near to that as is known. For example, it might be 
the year in which a paper was read at a meeting, or received by the 
editor of a journal, as distinct from the year on the title page of the 
final published report; or the year in which a manuscript was actually 
neben as distinct from the year in which a chronicler later published 
atte Usually the issue and publication dates are the same; but, if 


different, the latter is given later in the item. 
The items are set out as in MILLIMAN 1965. 


Abbreviations and contractions of titles of serials are as 


(London, Butterworths, 1963-1965). If the title is not in the List, 


the same rules are used. 


Items are in the same language as that of the title given, unless 
otherwise annotated. Where the title has been translated into English, 


the source of the translation is indicated. Text was prepared by A.J.P. 


[N.B. Taxonomists using this bibliography are warned that the system of 
indicating dates of items, as explained above, is totally at variance 
with the concept of priority of publication followed in biological 
nomenclature. Therefore the so-called dates of issue or priority, placed 
immediately after (really under) the authors'names, should not be relied 
upon by those using the bibliography in working on problems of biological 
nomenclature; nor should they be relied upon by other readers using 
library catalogues or other reference works to locate items. Dates within 
the entries should be watched for.-—-Eds. ] 


LOCATION CODE 


Items seen in or from a library in UK or Isle of Man (A.J.P.) 


London 


Be ee Oe Sr es eNOS 6a El 


Liverpool 


LUA 
LUB 
LUC 
LUE 
LUG 
LUO 
LUP 
LUTI 
LUTM 
LUZ 
iE 


Boston Spa 


NL 


Rothamsted 


R 


Ministry of Agriculture, Fisheries and Food 
British Museum 

Foreign and Commonwealth Office 
Ministry of Defence 

Commonwealth Institute of Entomology 
Royal Geographical Society 

Royal Botanic Gardens, Kew 
Meteorological Office 

British Museum (Natural History) 
National Central Library 

Ministry of Overseas Development 
Public Record Office 

Science Museum 

Tropical Products Institute 
Zoological Society of London 


University of Liverpool, Arts Reading Room 

i i Botany Department 
Harold Cohen Library 
o u School of Education 
Geology Department 
Oceanography Department 
Physics Department 
Hy Z Tidal Institute 
School of Tropical Medicine 
Zoology Department 
Liverpool City Central Libraries 


National Lending Library for Science and Technology 


Rothamsted Experimental Station 


Port Erin, Isle of Man 


LUM 


University of Liverpool, Marine Biological Station 


Other libraries are named in full 


Items not seen in or from a library in UK or Isle of Man (A.J.P.) 


ns items not seen in or from such a library 

se item traced in an authoritative source (usually given; 

. see also below) 

sce title of serial, but not individual item, traced in an 
authoritative bibliographical source (see below) 

nl no lending copy of item or serial found in UK or IOM 

u item untraced in a library in UK or IOM 


Bibliographical sources mentioned in abbreviated form 


BUCOP British union-catalogue of periodicals 


IBZ (Dietrich) Bibliographie der deutschen Zeitschriften- 
‘Literatur, ser.A 


Hinrichs Hinrichs' Katalog 

Ulrich Ulrich's international periodicals directory, 
twelfth edition 

WLSP World list of scientific periodicals, 


fourth edition 
Items seen in Seychelles (J.F.G.L.) 


§ seen, and a copy thought to be available 


Note: an item marked “ns u §" has not been traced in a UK or IOM 


library but there is thought to be a copy of it in Seychelles 


EXPEDITION AND CONFERENCE REPORTS 


Many items appeared as parts of symposial reports of expeditions, 
conferences and so on. Where these reports were unique publications 
they are usually listed in the Bibliography as separate items in their 
own right, under the names of their main authors or editors. In the 
items which appeared in them they are given in a short form for the sake 
of brevity. Expedition reports are given by their commonly known short 
title. They can be further identified, if needed, under the names of 


their main authors or editors as follow: 


Albatross Rep. ~ PETTERSSON and others 

Alert Rep. GUNTHER and others 

Dana Rep. SCHMIDT, E.J. and others 

Deckens Reisen KERSTEN and others 

Favorite Rep. LAPLACE and others 

Galathea Rep. BRUUN, GREVE, SPARCK and others 

IIOE Repr. SCIENTIFIC COMMITTEE ON OCEANIC RESEARCH 


and INTERGOVERNMENTAL OCEANOGRAPHIC 
COMMISSION (eds. ) 


Mabahiss Rep. SEWELL and others 
Planet Rep. REICHS—MARINE-AMT 
Valdivia Rep. CHUN and others 


Conference reports, however, do not normally have short titles; so 
they are given by the name(s) of their main author(s) or editor(s), from 


which they can be further identified. 


Items in reports that appeared not as unique publications but as 
volumes, parts, etc. of regular serials give the full serial reference. 
To indicate that they are part of a larger report they are annotated 
"In . . ." followed by the name(s) of the main author(s) or editor(s) of 


the whole report, which can then be further identified if desired. 


‘BIBLIOGRAPHY 


A COSTA. See ACOSTA. 
Ab HORTO. See ORTA. 


ABBOTT, R.T. 
1959 The family Vasidae in the Indo-Pacific. Indo-Pacif. 
Mollusea, 1: 15-32. N § 


1960 The genus Strombus in the Indo-Pacific. Indo-Pacif. 
Mollusca, 1: 33-146. N § 


1961 The genus Lambis in the Indo-Pacific. Indo-Pacif. 
Mollusca, 1: 147-174. N § 


1967 See JUNG. 


1968 The helmet shells of the world (Cassidae): I. Indo-Pacif. 
Mollusea, 2: 7-201. N § 


ABBOTT, W.L. 
1893a Notes on the natural history of Aldabra, Assumption and 
Glorioso Islands, Indian Ocean. Proc.U.S.natn.Mus., 16: 


759-764. LUZ 
1893b See GRIFFITH. 


ABRAHAM, P.S. 
1877 Revision of the anthobranchiate nudibranchiate Mollusca, with 
descriptions or notices of forty-one hitherto undescribed 
species. Proc.zool.Soc.Lond., 196-267, 4 pl. LUZ 


ACKROYD, J.H. 

1876 Report of the Acting Police and Stipendiary Magistrate of the 
Smaller Dependencies of Mauritius upon his visit to three of 
these Dependencies (Coetivy, Eagle Island, Salomon Islands). 
Port Louis. ns it: STODDART, D.R. 197ig 


1877a Report of the Acting Police and Stipendiary Magistrate of 
the Smaller Dependencies of Mauritius on the result of his 
visit to Diego Garcia and Six or Egmont Islands. Port 
Louis. ns it: STODDART, D.R. 1971e¢ 


1877b Report of the Acting Magistrate of the Smaller Dependencies 
of Mauritius on the results of his visit to the islands of 
Diego Garcia and Peros Banhos. Port Louis. MS) tas 
STODDART, D.R. 197 1g 


1878a Report of the Acting Police and Stipendiary Magistrate of the 
Smaller Dependencies of Mauritius on the result of his visit 
to certain of the said Smaller Dependenciés, viz. Egmont or 
Six Islands and to the island of.Diego Garcia. Port Louis. 
[Chagos.] ns it: STODDART, D.R. 1971¢ 


1878b Report of the Acting Police and Stipendiary Magistrate of 
the Smaller Dependencies of Mauritius on the result of a 
visit made by him to certain of the said Dependencies, viz. 
Eagle Island and the Salomon group. Port Louis. ns it: 
STODDART, D.R. 1971g 


1880 Report on the Dependencies of Mauritius. Port Louis. ns 
it: STODDART, D.R. 19712 


1881 Report of the Police and Stipendiary Magistrate of the Lesser 
Dependencies on Diego Garcia. Port Louis. ns it: 
STODDART, D.R. 1971g 


WEGSTA Ce (AWCOSTALNC =) 

1578  Tractado de los drogas, y medicinas de las Indias orientales 
con fus plantas debutadas al bino. | Burgos, Victoria. 
[Recorded superstitions about coco-de-mer nuts, called "coco 
de las Islas de Nalediua" (sic) on 100, 107-109.] N 

Also as: Aromatum et medicamentorum in orientali India 
nascentium historia, plurimum lucis adferens iis quae a 
Doctore Garcia de Orta in hoc genere scripta sunt, auctore 
Christophoro a Costa medico et cheirurgo. Translated and 
modified by Carolus Clusius (Charles de 1'Ecluse). In; 
Carolii Clusii atrebatis exoticorum libri decem, bk.9, 1605, 
253-29h. ["Coccus de Nalediva" (coco-de-mer) on 270.] WN 

See also De ORTA 1563; FAUVEL, A.A. 1915, 298. 


ADAMS, H. 
1868 Description of some new species of shells collected by 
Geoffrey Nevill, Esq., at Mauritius, the Isle of Bourbon, 
and the Seychelles. Proc.zool.Soc.Lond., 288-292, 1 pl. Z 


ADOLPHE, H. 
1956 See TOUSSAINT. 


AHL, E. 
1934 Ein neuer Schleichenlurch der Gattung Dermophis von den 
Seychellen. Zool.Anz., 106: 284. WN 


AHRENS, L.H. 
1961 See WILLIS, J.P. 


df ee W 
1868-1870 See ROUSSIN. 


ALEXANDER, Elizabeth C. 
1961 <A contribution to the life history, biology and geographical 
distribution of the bonefish, Albula vulpes (Linnaeus). 
Dana Rep., 10: no.53, 1-51. Z 


ALEXANDER, W.B. 
1928 Birds of the ocean: a handbook for voyagers. London, 
Putnam. [Indian Ocean in ch.19.] ns it 
Revised edition, 1954. N § 


ALLUAUD, C. 
1893 Mission scientifique de Ch.Alluaud aux Iles Séchelles (mars, 
avril, mai 1892): considérations générales. Bull.Soc,ent. 


Mrs r) 97-99. Z 
1894 Voyage aux Tles Séchelles. Tour Monde, 67: 65-80. G § 


1897  Enumération des Dytiscidae et Gyrinidae des Tles Mascareignes 
et Séchelles. Bull.Soc.ent.Fr., 210-214. WN 


1898a Les malacodermes des iles Mascareignes et Séchelles. Bull. 
Soc.ent.Fr., 99-104. WN 


1898b Les lamellicornes coprophages des iles Mascareignes et 
Séchelles. Bull.Soc.zool.Fr., 23: 63-67. [Seven species 
described. ] LUZ 


1916  Coléoptéres des Tles Mascareignes et Séchelles: missions 
scientifiques de MM. Ch.Alluaud (1892, 1893 et 1897) et 
P.Carié (1910-1913): Cicindelidae et Carabidae. Annis 
Soc.ent.Fr., 85: 37-90. WN 


ALSTON, A.H.G. 
1925 Revision of the genus Cassipourea. Kew Bull., 241-276. 
[Included one Aldabra and one Seychelles species.] N 


ALVARINO, A. 7 
1964 The Chaetognatha of the Monsoon Expedition in the Indian 
Ocean.’ Pacif?Sci.,°18: no.3, 11-242" N 
Also in IIOE Repr., 3: 1966, 318-348. 


ANASTAS, C. 
1897 Histoire et description des Tles Séchelles. Port Louis, 
Roussel. NC (from Mauritius Institute)  § 


ANDERSON, James F. 
1879 Lodoicea seychellarum: the sea cocoa=nut or double cocoanut. 
Trans.R.Soc.Arts Sci.Maurit., ser.B, 13: 1883, 63-71. [An 
appendix to ANDERSON, John.] Noes 
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ANDERSON, John. 

1878 Notes ... . ona tour... in the Seychelles Archipelago, 
but referring principally to... . the Praslin group. 
Trans.R.Soc.Arts Sci.Maurit., ser.B, 12: 1883, 109-117. 
[Observations on Cousine, Curieuse, La Digue, Mahé and 
Praslin. See also ANDERSON, James F.] N 

ANDRE, E. 

1891 Le cocotier des Seychelles. Revue hort., 63: 293-295. 
[Fig.71 showed a young coco-de-mer palm growing at 
Peradeniya.] K § 

ANDRE, E. and LINDEN, J. 

1871 Verschaffeltia melanochaetes H.Wendland. Ilibey leregs 5 Nee 

5h. [With a short note on its cultivation.] WN 
ANDREWS, C.W. 

1909 [Account of the habits of the robber crab.] Proc.zool.Soc. 
Lond., 887-889, 1 pl. [Mentioned Diego Garcia. Included 
a photograph of crabs climbing a sago palm.] N 

ANGEL, F. 

1950 Reptiles et amphibiens de Madagascar et des iles voisines, 
faisant partie des collections due Musée Zoologique de 
Strasbourg. Bull.Mus.natn.Hist.nat., Paris, ser.2, 22: 
553-558. [Mentioned Phelsuma madagascariensis and Rana 
mascareniensis.] LUZ 

ANKARU, M. 
1959 See YAMANAKA. 
Anon. 

1816 An account of the Seychelle Islands and Bank, and Admiralty 
islands.  Actatediea ls Si-=s20 0B 

1828 Notice historique et géographique sur l'ile Galéga. Nouv. 
Annis Voy., ser.2, 8: 88-92. B 

1840 The Seychelles in 1840. J.Seychelles Soc., no.5, 1966, 
54-6). [Reproduced from The Mauritius Watchman, 16 July - 
27 August 1844, reported to have been translated principally 
from an almanac printed in Seychelles in 1840.] kK _ § 

1859 Whales in the Indian seas. ZOOlogisten its. Olt ourors 
[Balaenoptera. ] iP 

1861 Astrocaryum borsigianum C.Koch. Gartenflora, 10: 29. 


[Described the palm otherwise known as Phoenicophorium 
sechellarum. ] N 
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1865a De deux nouveaux genres de palmiers. Ililn hort., 12: 5-7. 
[Phoenicophorium and Verschaffeltia.] WN 


1865b The thief palm (Phoenicophorium sechellarum Herm.Wendl.). 
J.Bot., Lond., 3: 353-354. [Described how the palm got 
this name. ] N 
Reported in Gdnrs' Chron., no.48, 1130. WN 


1879 Geographischer Monatsbericht: [Aldabra]. Petermanns geogr. 
Mibite gee5s) Slay OO. 


1883 A lady's adventures in a tropical archipelago. Pall Mall 
Gaz., 21 January and 18 February 188). [Notes from letters. 
Is there a confusion with NORTH 18937] ns tt nl: in B 
catalogue, Colindale 


1888a The forbidden fruit. Gdnrs' Chron., 22 December, 732. 
[Attacked myths attributed to General Gordon and others.] 
N 


1888b Vanilla. Kew Bull., 76-80. [Advice on its cultivation.] 
N 


1892 Une maladie de la vanille. Nature, Paris, no.1007, 254- 
255e [Calospora vanillae.] N 


1894 Les iles Séchelles. Port Louis, Merchants' and Planters’ 
Gazette Press. ns it nl: in B catalogue, Colindale 


1897 Vanilla cultivation in the Seychelles. Kew Bull., 113. 
[A letter from the Administrator of Seychelles to the 
Secretary of State for the Colonies, and an extract from 
GREAT BRITAIN: COLONIAL OFFICE Ann.Rep. for Seychelles for 
1895, reporting a favourable crop.] WN . 


1898a Supplement, 1898, relating to islands .. . Madagascar, 
1891, corrected to August 1898. London, Admiralty: 
Hydrographic Office. [Supplement to MORIARTY. Especially 
ch. 6. See also GREAT BRITAIN: ADMIRALTY 1891.] B 


1898b Ceara rubber. Kew Bull., 1-15. [Reported to be success-— 
ful in Seychelles.] N 


1898c Vanilla in Seychelles. Kew Bull., 93-95. [An extract 
from GREAT BRITAIN: COLONIAL OFFICE Ann.Rep. for 1896, with 


subsequent correspondence. ] N 


1905a Agriculture in the Seychelles. Bult impeinste. bond. 
2: 269-e74. Luc § 


4906-38282 O-72-.92 


1905b 


1905c 


1905a 


1906a 


1906b 


1907 


1908 


1912 


191ha 


1914b 


1916 


rons 


1918 


The Indian Ocean expedition. .Geogrl J., 26: 561-562. [A 
note referring to GARDINER, J.S, 1905a.] ; 


The indian Ocean expedition. Geogrl J., 26: 677. [A 
note referring to SEDGWICK 1905c.] Z 


A new British marine expedition. . Nature, Lond., 71: 562- 
563. [The Percy Sladen Trust Expedition to the Indian 
Ocean in HMS 'Sealark' in 1905.] Z 


The Indian Ocean expedition. Geogrl J., 27: 202-203. 
[A note referring to SEDGWICK 1905d.] Z 


The Seychelles. Geogrl J., 27: 405-406. [A note reter- 
ring to GARDINER, J.S. 1906b.] Z 


Tanning materials from India, the Colonies and other 
sources. Bull.imp.Inst., Lond., 5: 343-361. [Mangrove 
barks from Seychelles on 349-351.] LUC § 


The development of the resources of the Seychelles. Bull. 
imp.Inst., Lond., 6: 109-126. [Essential oils, citrate 
of lime, banana products, orchella weed, kapok, gutta 
percha and rubber, mangrove barks, mother-of-pearl shells, 
natural phosphate deposits, laterite.] LUC §$ 


Vetiver roots from Seychelles. Bula aimpsinsit., Lond, ailO- 
33-34. [Report on a sample.] nue =~ § 


Phoenicophorium borsigianum (Koch) Stuntz. Inventory 
Seeds Pl. imported U.S., no.31, 88. [Imported April-June 
1912.] P 


Ylang-ylang oil.| Bull.imp.Inst., Lond., 12, 228-232. 
[Reports on two samples from Seychelles. ] LUC § 


Rainfall in the British Crown Colonies, 1913. Q.J1 R.met. 
Soc., 42: 189-190. [Monthly and annual summaries of 
precipitation; included Seychelles.] LUTI 


A possible new source of thymol. Build samp. Inst. onder. 
15:3) 1322-3257 [Reports of trials of Ocimum viride grown in 
Seychelles.] HUG Ss 


Aromatic oils from Seychelles. Bull.imp.Inst., Lond., 16: 
32-35. [Reports on samples from Ocimum gratissimum and 
O.basilicum. ] LUC § 
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1919a Notes on insects in Seychelles. -- MS. received from the 
Colonial Office on 6th September 1919. Rev.appl.Ent., 
ser.A, 7: 483-48. [Dealt with attempts to control several 
important pests of agriculture and forestry.] University 
of Reading § 


1919b Rainfall in the British Crown Colonies, 191. Q.J1 R.met. 
Soc., 45: 253-254, 256. [Monthly and annual summaries of 
precipitation; included Seychelles.] LUTI 


1920a Citronella oil from Seychelles. Bull.imp.Inst., Lond., 
18: 339-30. [Report on a sample.] Luc =6§ 


1920b Lemon-grass oils from Seychelles. Bull. inp,dnst. , Lond). , 
18: 340-342. [Report on two samples.] LUC § 


1920c A new source of thymol. Bull.imp.Inst., Lond., 18: 348- 
350. [Report on a sample from Seychelles.] LUC § 


19204 Forestry in the Seychelles. In: First British Empire 
forestry conference report, 573. [London, HMSO. ] [A 
short report on the trees found; no proper forest reported. 
Presumably by DUPONT, P.R.] C 


1921a Cinnamon: sources, production and trade. Bull.imp.Inst., 
Lond., 19: 319-348. [Seychelles on 334-337.] LUC § 


1921b Agricultural industries in Seychelles during 1920. J.Soc. 
chem.Ind., Lond. (Rev.), 40: 409R. [Vanilla, coconut and 
rubber. ] LUC 


1922a The essential-oil industry in Seychelles. J.Soc.chem. 
Mndsaeiond: «(Reve ). 412. 34R=35R. ‘[A short general 
report. ] LUC 


19226" Seychelles in 1920. J.Soe.chem.Ind., Lond. (Rev.), 41: 
320R. [A short report on production and trade.]) LUC 


1923 Rapport sur une maladie des cocotiers que l'on suppose étre 
1'Helminthosporium incurvatum. Pamph.Dep.Agric.Seychelles, 
NOwe ns u 


192ha L'ankylostomiase et le moyens de combattre cette maladie 
aux Seychelles. Bull.Dép.Agric.Péche Seychelles, no.3, 
epee Ca) § 


1924b Patchouli oil from Seychelles. Bull.imp.Inst., Lond., 22: 
271-273. [Report on four samples.] TIC) meet 


1924e Cinnamon leaf oi1 from Seychelles. Budtteimp lnst., ond, 
22: 273-27h. [Report on a sample.] UCL. 8 
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192ha 


1926 


1927a 


1927b 


1928 


1929 


1931 


1932 


1934 


1935 


1943 


1959a 


1959b 


Leayes of Ocimum gratissimum from Seychelles.  Bull.imp. 
Inst., Lond., 22: 275-276. © [Report on two samples.] LUC 
§ 


Ginger and ginger products. Bull.imp.Inst., Lond., 24: 649- 
654. [Ginger oil from Seychelles on 654.] LUC § 


Palmarosa oil from Seychelles. Bult amp. dmsit..ssonds), 25: 
112-113. [Report on two samples.] LUC § 


Gingergrass oil from Seychelles. Bull.imp.Inst., Lond., 
25: 113-114. [Report on a sample.] THUG S 


Seaweeds from Seychelles. Bull.imp.Inst., Lond., 26: 297- 
299. [Report on a sample of Gracilaria wrightii, var. 
ceylanica.] LUC 


Patchouli leaves from Seychelles. Bulllcamp. inst... lords, 
27: 289-292. [Report on two samples.] GUC ons 


Eucalyptus oil from Seychelles. Bull amp inst. 3 ond. 5129: 
134-135. [Report on a sample.] HUC PS 


Soils from the Seychelles. Bull.imp.Inst., Lond., 30: 18- 
ply; [Report on four samples from Félicité, all being found 
potentially: fertile.]/- LUC § 


Essential oils from Seychelles. Bull.amp:imst., Lond. y 32: 
Sie S9. [Review, and reports on. samples, of citronella, 
lemongrass, palmarosa, gingergrass, eucalyptus, ocimum, 
cinnamon and patchouli oils. List of earlier papers in 
same journal.] LUC § 


Palmarosa oil from Seychelles. Bulivamp inst... bond...) 35: 
140-12. [Report on a sample.] LUC § 


Deputation to the Colonial Office. Anti-Slavery Reporter 
and Aborigines' Friend, ser.5, 33: no.3, 40-43. [Report of 
a deputation on 30 June from the Anti-Slavery and Aborigines 
Protection Society.] ( 


Tuna stocks in Indian Ocean studied. Comml Fish.Rev., 21: 
Tt [Described work on the floating laboratory 'Manihine' 
off the coast of East Africa.] N 


International survey of Indian Ocean. New Scient., 6: 
538. [Contained a map showing the cruises proposed by 
USA, Australia, France and USSR during 1960 as part of the 
forthcoming international expedition.] N 


1961a. 


1961b 


1961¢c 


19614 


1962a 


1962b 


1962c 


19624 


1962e 


1962f 


1963, 


196ha 


1964 


196hc 


196ha 


1966 
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Rocks under Arabian Sea. New Scient., 9: 625. [Dis- 
covered in RY 'Vityaz'.] N 


Soviet-Indian Ocean cruise completed this month. New 
Sevente suds. 195. N 


The Indian Ocean working group of SCOR. Okeanologia, 1: 
178-179. [A short announcement. In Russian.] NL 
Cinnamon for spice and perfume. Seychelles Annual, no.3, 


21-33, 0. 1. Ss 


Seychelles observations show value of ocean survey. New 
Setentus Io dicie.. WN 


Official start of the Indian Ocean expedition. New 
Scient., 14: 507-508. WN 


A preliminary Soviet map of the Indian Ocean. New Scient., 
15: 263. . [Reprinted from Priroda a map of the central 


Indian Ocean by ZAMOTSKI, showing topography worked out in RV 


‘'Vityaz' in 1959-1960 and 1960-1961. It was not possible, 
however, to find this map in Priroda.] N 


Next British steps in the Indian Ocean. “New Scient., 15: 
468. [Announced plans for geophysical work, mainly seismic, 
in HMS 'Owen' in 1963.] N 


Watching the weather in the Indian Ocean. New Scient., 16: 
2hh—2hs, [Announced the establishment of an International 
Meteorological Centre at Bombay.] N 


You can leave civilization behind you at Aldabra Atoll. 
Seychelles Annual, no.4,.25-27. T § 


1966 Grammaire francaise 4 1'usage des écoliers des 
Seychelles. Victoria, Saint-Fidéle. 2 Wl nsu_ § 


International Indian Ocean Expedition. Oceanus, 10, 2-3. 
[A short summary of the plan.] LUO 


International Indian Ocean Expedition: cruises completed and 
planned 1959-1963. Oceanus, 10: 4-5. [A summary.] LUO 


International Indian Ocean Expedition: miscellaneous notes. 
Oceanus, 10: 28-29. LUO 


The turtles and tortoises of the Seychelles. Seychelles 
Anmuciiewmoc>, 23-27 nl as 


USAF tracking station on Mahé. Seychelles Annual, 35-35. 
© 8 
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1968 Attempts to use coir dust in the preparation of. building 
slabs or hardboard. Publs trop.Prod.Inst.Lond., no.G.35, 
1-h. [Recorded unsuccessful attempts.] T § 


1969 News. Atoll Res.Bull., no.126, 1-3. [A brief report, on 
phases 1-3 of-the Royal Society Expedition to Aldabra, with a 
list of participating scientists.] N 


1970 Itinerary of the cruising expedition. In: Forgotten islands 
of the Indian Ocean, 10-14. London, BOAC. [Article in an 
advertising brochure for a. series of cruises; a good short 
account despite its purpose.] ays akg) 


1971 News. Atoll Res.Bull., no.148, 1-4. [Described phases 
4-8 of the Royal Society Expedition to Aldabra, with a list 
of participating scientists.] N 


APSTEIN, C. 
1905 Salpen der Deutschen Tiefsee-Expedition. Valdivia Rep., 12: 
1906, 245-289, 7 pl. Z 


ARNELL, S. 
1957 List of Hepaticae collected by A. Sdrlin in the Seychelles 
1955. Svensk bot.Tidskr., 51: 163-165. [Eleven species 
of liverwort from Mahé, including one new.] LUB 


ARNOULT, J., BAUCHOT-BOUTIN, M.L. and ROUX-ESTEVE, R. 
1958 Les poissons de 1'ile Aldabra: campagne océanographique de 
la 'Calypso' (mai-juin 1954). Annis Inst.océanogr. Monaco, 
34, 47-90. [A systematic account.] LUO § 


ARROW, G.J. 
1922 Coleoptera, Erotylidae and Endomychidae from the Seychelles, 
Chagos and Amirantes Islands. Ann.Mag.nat.Hist., ser.9, 
10-4 [3=03) si pl. [Collected by the Sladen Expedition.] 
LUC 


ATTEMS, C.G. 
1900 Dr. Brauver's Myriopoden-Ausbeute auf den Seychellen im Jahre 
1895. (ef Mue ory Sei SS— 1 (45S) obs [Described the 
twenty-three species then known.] N 


1910 Myriopoden von Madagaskar, den Comoren und den Inseln 
Ostafrikas. Wiss.Ergebn.Reise Ostafr.1903-5, 3: pt.2, 73- 
115, 3 pl. [In VOELTZKOW and others 1906-1923.] N 


ATWOOD, Alice. 
1942 See BLAKE. 
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AUBER, J. 
1955 Histoire de .1'Océan-indien. Tananariye, Société Lilloise 
ad'Imprimerie. [Included geography and geology.] Minis- 
tére de. 1'Education, Paris 


AUCHINLECK, G.C. 
1921a La composition et l'usage des éngrais ordinaires. Bull. 
Dep.Agric.Seychelles, no.1, 1-7. nsu_ § 


1921b L'élevage du bétail aux Seychelles. Bull.Dep.Agric. 
Seychelles, no.2, 1-8. nsu_  § 


1922a Notes sur la yanille 4 Praslin. Bull.Dep.Agric.Seychelles, 


1922p Réglements du concours pour jardins potagers. Bull.Dep. 
Agric.Seychelles, no.4. nsu 


1922c Jardins 6coles et les jardins des @léves. Bull.Dep. 
Agric.Seychelles, no.5. nsu 


1922d §=6©L'agriculture aux Seychelles. Bull.Dep.Agric.Seychelles, 
nos.6-12, 1-38. nsu sh 
Reprinted from Le Réveil seychellois by Imprimerie 
Réveil seychellois. nsu_  § 


1922e Les pailles de chapeaux. Bull.Dep.Agric.Seychelles, no. 
13. se 


1922f Notes on nature study for use by teachers in the schools of 
the Colony. Bull.Dep.Agric.Seychelles, no.14, 1-2h.. ns u 


1922g¢ Petit catéchisme sur les. cocotiers a 1'usage des planteurs. 
Bull.Dep.Agric.Seychelles, no.15, 1-86. nsu § 


1922h Les cocotiers, la lumiére et le sol. Bull.Dep.Agric. 
Seychelles, no.16. nsu 


AURIVILLIUS, C. 

1909 Lepidoptera, Rhopalocera und Heterocera von Madagaskar, der 
Comoren und den Inseln Ostafrikas: I. Wiss.Ergebn.Reise 
Ostafr.1903=5, 2: 309-348, 1 pl. [In VOELTZKOW and 
others 1906-1923.) N § 


1922 Coleoptera (Cerambycidae) from the Seychelles Islands, 
Aldabra.and Rodriguez. Ann.Mag.nat.Hist., ser.9, 10: 
424-h43, 2 pl. [Collected by the Sladen Expedition.] 
LUC 
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AUSTEN, E. 


1920 


E. 

The Percy Sladen Trust Expedition ......Diptera: Tabanidae. 
Bull.ent.Res., 11: 43-45. [Four species described, one 
new. ] LUTM 


BACON, E.V. 


1943 


See FOSTER. 


BADCOCK, J.R. 


1970 


See FORSTER. 


BAGNALL, R.S. 


1921 


BAILEY, D. 


194) 


1962 


BAILEY, L. 
1930 


19h2 


BAILEY, R. 


1963 


1964 


1965 


On Thysanoptera from. the Seychelles Islands and Rodriguez. 
Ann.Mag.nat.Hist., ser.9, 7: 257-293, 4 pl. [Mainly 
collected by the Sladen Expedition in 1908-1909.] LUC 


List of flowering plants and ferns of Seychelles. 
Victoria, Clarion. [Arranged alphabetically by local 
name. ] ns) 1S 
Second edition, 1961. Victoria, Saint-Fidéle. N § 
Third edition, 1971, as: List .. . Seychelles with their 
vernacular names. Victoria, Government Printer. ns § 


The cowries of the Seychelles. Seychelles Annual, no.4, 
20-2 ee 8 


lal 

Binomials of certain palms: the case of Stevensonia. 

Gentes Herb., 2: 192-195, 438-441; 3: 115-116. [Discussed 
nomenclature and recommended consideration of horticultural 
records. ] N 


Palmae sechellarum. With sections by VESEY-FITZGERALD , 
L.D.E.F. (5-8, 23-26, 32-34, 38-40, 40-42, 43-6, 48). 
Gentes Herb., 6: 1-48. N § 


Ss. 
The birds of the western Indian Ocean. J.Seychelles Soc., 
no.3, 41-49. K. § 


The International Indian Ocean Expedition. Ibis, 106: 
140-141. fAn interim report on birds seen on the cruise of 
RRS 'Discoyery', June-November 1963.] N 

Also in IIOE Repr. 2: 1966, 672. 


Cruise of RRS 'Discovery' in the Indian Ocean. Sea 
Swallow, 17+ 52-56, 2 pl. [Reported counts of birds seen 
on the cruise.] N  § 

Also in TIOE Repr., 3: 1966, 525-531. 
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1966a Migrant land-birds in the Mediterranean and Red Seas and the 
Indian Ocean.. Ibis, 108: 421-22. [Observations from RRS 
"Discovery' in 1963 and 1964.] P 


1966b Migrant waders in the Indian Ocean. Ibis, 109: 1967, 437- 
439. [Observations from RRS 'Discovery' in 1963 and 1964.] 
P 


AlsoyineLiOnH Repr., 7: 1971, 167-169. 


1967 The pelagic distribution of sea birds in the western Indian 
Ocean. Ibis, 110: 1968, 493-519.. [Work on RRS 'Discovery' 
in 1963 and 1964... With a summary.] P 
MisominwliOH Repr., 7: 1971, 787-813. 


BAILEY, R.S., POCKLINGTON, R. and WILLIS, P.R. 
1966 Storm-petrels Oceanodroma spp. in the Indian Ocean. Ibis, 
110: 1968, 27-34. [With a summary.] P 
Coll.Repr.Woods Hole oceanogr.Instn, no.1956. ns it 
Also in IIOE Repr., 7: 1971, 779-786. 


BAISSAC, J. de B. 
1962 The scombroid fishes of Mascarene waters. Proc.Symp. 
secombroid Fishes, mar.biol.Ass.India., Mandapam Camp, ser.1, 


185-186. N 


BAKER, B.H. 
1963 Geology and mineral resources of the Seychelles Archipelago. 
Mem.geol.Surv.Kenya, no.3, 1-140.. [With a bibliography and 
four maps; few mineral resources found.] Be 


BAKER, B.H. and MILLER, J.A. 
1963 Geology and geochronology of the Seychelles Islands and the 
structure of the floor of the Arabian Sea. Nature, Lond., 
199: 346-348. WN 
Also in IIOE Repr., 1: 1965, 665-670. 


BAKER, J.G. 
1874 Report on the Seychelles fern flora. Trans. R.ir.Acad. 5, 
25eUIMO( Se" 509=5184 epi: [A full list to date.] LUZ 


1875 List of Seychelles Myrtaceae, with descriptions of two new 
species! , Proc.R/ir Acad. sera, 22) 160), 2 pit 
[Eugenia, three species, and Barringtonia, three species.] 
LUC 


1877. Flora of Mauritius and the Seychelles .... With sections 
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Eating habits of some captive Testudines. Herpetologica, 
Iss 272s [Commented on the sensitivity of T.gigantea to 
tomato fruits.] Neus 


Testudo gigantea.  Bull.Philad.Herpet.Soc., 8: pt.6, 3-. 
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Eteroceri raccolti dal Dr.Carlo Prola durante la spedizione 
alle isole dell'Africa orientale, con descrizione de specie 
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Trans.Linn.Soc.Lond.(Zool.), 18: 1922, 165-186. [In 
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Q.J1 geol.Soc.Lond., 31: 1875, 519-542, 1 pl. [With 
discussion.] G 

BLANFORD, W.T. 

1890 Anniversary address of the President [of the Geological 
Society of London]. Q.J1 geol.Soc.Lond., 46: 43-110. 
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indigénes qui croissent 4 1'ile Maurice, déposées d'aprés la 
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Reprinted in Trans.Linn.Soc.Lond.(Zool.), 16: 1914, 269- 
306,73" pil. [In GARDINER, J.S. and others 1907-1936.] N 
§ 


BOUCHERAT, A. 
1888 Report on Peros Banhos and Diego Garcia. Port Louis. ns 
it: STODDART, D.R. 1971g 


BOUFFE, G. 
1913 Lettres aux propriétaires de 1'ile Agaléga. Port Louis, 
[publisher not named]. nsu 


BOUGHTON, G.A. 
1970 Tourism tomorrow in Seychelles. Victoria, Government 
Printer. [A short information pamphlet by the government's 
tourism adviser.] Cer § 


BOUILLON, J. 

1967 Revision de la famille des Ptilocodiidae avec la description 
d'un nouveau genre et d'une nouvelle espéce. Bull.Acad.r. 
Belg.Cl.Sei., ser.5, 532) 4106—113712"3) pi [Hydrichthella 
epigorgia and Thecocodium brieni on gorgonarians from Mahé.] 
N 


1968 Une mission scientifique belge 4 l'archipel des Seychelles. 
Africa-Tervuren, 14: 98-102. N § 


BOUILLON, J. and HOUVENAEGHEL-CREVECOEUR, Nadine. 
1970 Etude monographique du genre Heliopora De Blainville 
(Coenothecalia-Alcyonaria-Coelentrata). Annis Mus.r.Afr. 
cent.Sér.8vo (Zool.), no.178, 1-83, 12 pl. NL § 


BOULENGER , 


1908 


1971 


1915 


BOULLE, V. 
1902 


es | 


G.A. 
A list of the freshwater fishes, batrachians and reptiles 
obtained by Mr.J.Stanley Gardiner's expedition to the Indian 
Ocean. Trans.Linn.Soc.Lond.(Zool:), 12: 291-300, 1 pl. 
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Sur deux Psychidae exotiques ... . Bull.Soc.ent.Fr., 68: 


260-263. [Two specimens collected in Aldabra and Cosmoledo 
by H.Legrand in 1959.] N § 


Cr 
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Long-distance .vagrancy in the petrels. Tpas, 0921967 , 
141-167. [Mentioned Oceanodroma leucorrhoa monorhis in the 
Indian Ocean.] P 


Obseryations on islands in the Indian Ocean. Sea Swallow, 
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ice caps during the pleistocene, followed by warming and 
partial return of water.] LUC 


1934 The changing world of the ice age. New Haven, Yale Univer- 
sity Press; London, Milford. [Chagos Bank on 256, Diego 
Garcia on 221, Seychelles Bank on 228.] LUC 


DANA, J.D. 
1872 Corals and coral islands. New York, Dodd Mead. ns it 
Second English edition, 1875. London, Low, Marston, Low 
and Searle. Z 


Third edition, 1890. New York, Dodd Mead. 2Z 
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Maldives par le C. Labillardiére. Bull.Soc.philomath. 
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others 1907-1936.] N § 


Report on the Sigmatotetraxonida collected by HMS 'Sealark' 
in the Indian Ocean. Trans.Linn.Soc.Lond.(Zool.), 18: 1- 
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SeG.)5, NOM eelooon mI 20eo Ke) § 


Des AVANCHERS, L. 


1857 


DEVEREUX, . 
1869 


DEYROLLE, 
1876 


DIAKONOFF , 
1961 


1969 


Notice géographique et historique sur les iles Séchelles. 
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N § 


1970 Sur quelques sphingides de Madagascar. Bulli (soc ent). ir: , 
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[In GARDINER, J.S. and others 1907-1936.]. N § 


GRUBB, P. 
19692 The growth, ecology and population structure of giant 
tortoises on Aldabra. Phil.Trans.R.Soc., ser.B, 260: 1971, 
327-372, 2 pl. [In WESTOLL and STODDART, D.R. (org.). 
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1907 Note sur les Ixodidae recueillis dans des iles de 1'Océan 
indien par M. J.Stanley Gardiner. Trans.Linn.Soc.Lond. 
(Zool.),.12: 193-196. [In GARDINER, J.S. and others 1907- 
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Wort. cereges se SS iesssiq I ole [Copsychus sechellarum. ] N 


1874 See HOOKER, Sir J.D. 
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1960 Seychelles: review of the work on economic entomology. Rep. 
Commonw.ent.Conf., sess.7, 343-344. London, Commonwealth 
Institute of Entomology. N § 
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Dulau, 1895. [Imbricaria sechellarum (Sapotaceae)., pl.2315; 
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forty-four species in Lantz's collection.] N 


1885 See MILNE-EDWARDS. 


165 


OVCINNIKOV, I.M. 


1961 Circulation of waters in the northern part of the Indian 
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and Madagascar; performed in HMS 'Leven' and 'Barracouta’. 
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iles océaniques. Colloques int.Cent.natn.Rech.scient., no. 
94, 1961, 261-271. [Discussed the distribution of mainly 
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1909 Die Aktinien der ostafrikanischen Inseln. Wiss.Ergebn. 
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PENNY, M.J. and DIAMOND, A.W. 


1969 


PERCY, R. 
1958 


1966 


1970 


PEREZ, J. 
189) 


The white-throated rail Dryolimnas cuvieri on Aldabra. 
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12, 10: 429-431. One species recorded from Aldabra and 
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Zot ety. § 


The fishes of the family Elestridae in the western Indian 
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1965 More than he could chew. Fld Tide, 6: no.12, 8-9. [An 
account of a mantis prawn nearly killed by trying to eat an 
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Trans.Am.geophys.Un., 42: 289-294. § 


1962 Development of the International Indian Ocean Expedition. 
TCSU Rev., 4:. 134-144. WN 


SNOPKOV, V.G. | 
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the Indian Ocean during the winter monsoon. MTrudf¥ Inst. 
Okeanol., 64: 11-21. [In Russian. Results of RV 'Vityaz'.] 
NL 


Also in IIOE Repr., 1: 1965, 339-349. [With a brief 
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N.Pike's collection from Seychelles. Fifteen Seychelles and 


STEUER, A. 


1904 


211 


three Aldabra species described. ] LUZ 


Copepoda der 'Valdivia'-Expedition. Zool.Anz., 27: 593-598. 
LUZ 


1905 Einiges tiber die Copepoden der 'Valdivia'-Expedition. Verh. 
Ges.dt.Naturf.Arzte, 77: 1906, 204-205. [A short note on the 
distribution of some copepods.] N 

1926 Copepoda: III. Cephalophanes G.O. Sars 1907 der Deutschen 
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none 

STIASNY, G. 

1937  Seyphomedusae [of the John Murray Expedition]. Mabahiss Rep., 
4: 203-242, 2 pl. N 

1940 Die Scyphomedusen [of the 'Dana' expeditions]. Dana Rep., }: 
MOO 1-29" hp lk eZ, 

STIRLING, W. 
1843 Narrative of the wreck of the ship 'Tiger', of Liverpool 


(Captain Edward Searight), on the desert island of Astova, on 
the morning of the 12th of August, 1836; with some particulars 
respecting the ship, the residence of the crew on the island, 
and their subsequent deliverance; by Major (late Captain) W. 
Stirling. (Printed for circulation among his friends). 
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Place names of Aldabra. Phil.Trans.R.So¢c., ser.B, 260: 1971, 
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STODDART, D.R., TAYLOR, J.D., FOSBERG and FARROW 


Coral islands of the western Indian Ocean: I. Introduction. 
Avoid Rest Bula no. 186; 1-50 Wiins STODDART. phe eda) 
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Spec.Publs U.S.N.hydrogr.Off., no.SP-53, vii plus 1-142, 1 pl. 
[Prepared by the Oceanographic Analysis Division of the Marine 
Services Department. With a map showing IIOE cruises com- 
pleted and planned, 1959-1963.] LUO 


USAKOVA, N.P. 


1964 


VACQUIER, 


1964 


VAILLANT, 


1899 


1903 


VALKHOFF , 


1966 


See POPOV. 


V. 
See Von HERZEN. 
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Bedeutung. Jena,Z.Naturw., 73: 37-96, 5 pl. [Included 
nineteen Seychelles species.] N 


Chilopoden der Insel Mauritius. ZOOL dD. 5422 (1-98, ‘2 pil. 
[Seychelles species included in discussion.] N 


VERSCHAFFELT, A. 


1865 


See LEMATRE. 


VESEY-FITZGERALD, L.D.E.F. 
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ent.Res., 29: 185-189. [Material collected during a search 
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Reptiles and amphibians from the Seychelles Archipelago. With 
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ocean. Okeanologia, 1: 283-293. [In Russian.] NL 
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though he was unable to find it; mentioned also two scorpions, 
a spider and several birds found in Seychelles.] is es 


1952 See ROUNTREE. 


1956-1962 Catalogue of the Coleoptera of Mauritius and Rodriguez. 
Bull; Maurit.Inst.', Y: ptidt 1956e5 1-732 pene.) 1950-1501 
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1'fle Ronde. Proc.R.Soc.Arts Sci.Maurit., 2: 1964, 247-261, 
20 pile [Questioned whether the giant tenebrionid Pulposipes 
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senckenb.naturforsch.Ges., 26: 539-565. [In VOELTZKOW and 
others 1897-1905. Contained systematic and bibliographical 
lists including species from Amirantes and Seychelles.] LUZ 
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WALLACE, J.A., jr. 


1963 


WALLEN, I. 
1964, 


WALSH, J. 
1967a 


1967b 


WALTER, A. 
1927 


WALTER, A. 
1921 


WARBURTON , 


1912 


An annotated bibliography on the climate of the Indian Ocean 
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LUZ 


Results of observations on the direction and velocity of the 
upper air current over the south Indian Ocean. Geophys.Mem. , 
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1964 lLand-birds over the Indian Ocean. Ibis, 106: 260-261. [Seen 
on a voyage in 1952.] P 


1966 See BOURNE, W.R.P. 
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Ponomareva 196 

Riedel ed. 1967 

Satow 1957 

Seno 1962 

Suhanova 1961 

Tagawa 1957 

Timonin 1971 

Tolderlund 1967 

Tsuruta 1957 

Vinogradov 1961b, 1962, 1966 

--- et al. 1962 
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Jones, D.J. 1970 

Kenyon 1970 

Klose 1968 

Kramp 1957-1959 

Kikenthal 1906, 1916 

Leont'yev 1968 

Lister 1888 

Lythgoe 1970 

Mackinnon 1909 
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Figures (following p. 10) 


1 Acanthaster planci removed from hiding and placed 
in light during daytime soon moves back into shaded 
conditions. The long light-sensitive terminal podia 
can be seen. 

2 Peter Goreau (son of the late Tom Goreau) ‘studies 
an Acropora table in the Red Sea. The white region 
has been predated upon by A. planci and the peripheral 
darker region is still alive. Twelve A. planci were 
found under the table, mostly attached to the basal 
stem. 

3 <A. planci moving over sand. 

4 Two A. planci revealed by removing an overlying slab 
of coral. 


CROWN OF THORNS (ACANTHASTER PLANCI) PLAGUES: THE NATURAL 
CAUSES THEORY 
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Dye ret. J. Vine 


ABSTRACT 


The history of research on Acanthaster planci prior to 
1960 is briefly reviewed and the results of some more recent 
mesearch are discussed. There is evidence that many. "plagues" 
of A] plane have occurned prior to 1960. Predation by 
Chanonia yuriiconts on Ane plancay is unlikely to, have been a 
SHeonitiCcant actor controlling its population in any area. 
The suggestion that artificial damage to coral reefs, by 
blasting or dredging, has created conditions for population 
exploslonsy Ob An pilaniciy ss Wconsidened an relation, tO. the 
known habits of larval and juvenile stages. It is suggested 
that many "plagues" have been aggregations which are a natural 
and necessary facet of the life of this species. There is 
some evidence that feeding starfish release a chemical 
attractant thus producing mini-aggregations. The likely 
mesults of destruction of, corals by A. planci are bricehly 
discussed and a possible measure to reduce populations is 
suggested. 


INTRODUCTION 


The crown-of-thorns starfish, Acanthaster planci, was 
known to science long before the recent focus of public 
attention on destruction of coral reefs which it is causing 
in the Indo-Pacific. Rumphius mentioned it in 1705 and it 
was described by Plancus and Gualtieri in 1743. The name 
Acanthaster planci was created by Linnaeus in 1758. Early 
knowledge of its widespread distribution can be gathered from 
the literature; Goa (Portuguese liad). i 7S ae ia LO 
Philippines, 1781; and Mauritius, 1885. It was recorded 
from Australia's Great Barrier Reef in 1913 (Clark, 1921) and 
at Low Isles, where the Great Barrier Reef Expedition was 
centred in 1928-29 bye ape LIBBy ve Other records such 
as those of Madsen 1955) indicate a widespread distribution 
throughout the Indo-Pacific. It has not been recorded from 
the Caribbean. 


L i i Galway, Eire. 


— Department of Zoology, University College, 


(Manuscript received June, 197 \e=nd) 
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OBSERVATIONS 


Early records of large aggregations of A. planci are 
understandably scarce. The animal prefers a sublittoral 
habitat and is frequently hidden during the day. Many reef 
areas were seldom visited and very rarely dived upon. 
Indigenous people on atolls throughout the Indo-Pacific 
recognise the starfish, have remedies for stings caused by 
penetration of its spines, and in some cases are able to 
report large numbers which have appeared on their reefs in 
the past. Mortensen, who studied A. planci in the Java Sea 


in 1929, wrote in 1931: "This species was found rather commonly 
on the coral reefs at the little island of Haarlem off Batavia, 
alse Olmcsiega Gg Got ti. “$$ was also reported as, 'common”, tm Lore 


Galera Bay and Sabang Cove in the Philippines in 1938 
(Domantay and Roxas, 1938), as "very common" in the Palaus 
Hayashi, 1938) and "abundant" around Christmas Island 
Edmonson, 1946). As Dana (1970) has po titied! Ol hes eels 
quite probable that these records might have been applied to 
the modest densities which are now said to constitute plagues 
(Endean, 1969; Pearson, 1970). I have spoken to fishermen 
in the Solomon Islands who recall large concentrations of them 
many years ago. It was said of Maringe lagoon, Santa Ysabel, 
that night-time fishing on the reef was especially hazardous 
about 40 years ago, because fishermen were afraid of treading 
on starfish which were present in large numbers. It has been 
widely held that Green Island experienced the first "plague" 
on the Great Barrier Reef in 1959 (Endean, 1969) but an 
experienced professional diver from Townsville, D. Tarca 
(personal communication and Sunday Mail, September 7, 1969) 
recalled that there were large numbers on the south-east side 
of Lodestone reef in 1954. 


Attention was drawn to the feeding habits of A. planci 
by Goreau (1963) who discovered an aggregation in the southern 
Red Sea. He foresaw the likelihood that: "this species may, 
under certain conditions, be an amportant tacvor imitans) wae 
growth and development of coral reefs". At that time large 
numbers of A. pllancaiwene beins reported fiom eet cee ad 
Cairns, on Australia's Great Barrier Reef, and destruction of 
corals had been noticed at the tourist resort of Green Island. 


Pearson, the scientist employed by the Queensland Govern-—- 
ment to investigate the biology of Acanthaster and the damage 
which it was causing on the reef, reported further recent and 
massive destruction of corals in the Innisfail area, which had 
gone quite unnoticed by the press and public. This suggests 
that intense destruction of coral by A. planci may have 
occurred undetected throughout the range of the species many 
times in the past. 


Recent research by Pearson and Endean in Australia, 
Chesher and a team of scientists -at Guam and elsewhere in the 
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Pacific, Weber and Woodhead in the Pacific, the Cambridge Coral 
Starfish Expedition in the Red Sea and a large number of 
individual scientists, who have reported on its distribution, 
have added greatly to our knowledge of this species (see papers 
by Barnes, 1966; Branham et al, 1971; Chesher, 1969 and 1970; 
Dana, 1970; Dana and Wolfson, 1970; Elderedge, 1970; Roads 
and Ormond, 1971; Vine, 1970; Weber and Woodhead, 1970). 


Endean (1969) suggested that removal by shell collectors 
of the giant traiton,, Charonia tritonis, which preys upon A. 
planci, may have removed the predator pressure controlling 
populations of this starfish. He believed that the larvae had 
a short planktonic life: "a matter of a few days", and that 
Significant pressure could be exerted on the population by C. 
tritonis. Mortensen (G9 3du)y, however, had shown that the larval 
development of A. planci takes two to three weeks. He succeeded 
in fertilising eggs and reared the larvae for sixteen days, by 
which time they had reached the brachiolaria stage. Recently 
Henderson and Lucas (1971) have shown larval life is 4-5 weeks, 
depending on temperature. Such animals normally produce great 
numbers of eggs and Pearson has estimated the egg production 
of a female Acanthaster of average size (30 cms.) to be 12-24 
million. Thorson (1950) has shown how such invertebrates 
undergo great fluctuations in population size, depending on 
their breeding success and particularly the conditions met by 
their larvae in the plankton. Charonia tritonis is a somewhat 
scarce and sluggish predator. One was recorded as eating on 
average O.7 Acanthaster per week when given an unlimited 
supply (Pearson and Endean, 1969). Experiments have indicated, 
moreover, that C. tritonis usually prefers to eat Linckia 
laevigata, a blue starfish which appears to be more abundant 
than A planes, jon many conrad; neefs which have wiisited inthe 
Pacific caer 1970). 


Chesher (1969) suggested that A. planci larvae are heavily 
preyed upon by live coral polyps and that areas for safe 
settlement of larvae are severely restricted on a normal coral 
reef. He points out that mechanical damage to reefs, such as 
is caused by blasting or dredging, may have reduced predatory 
pressure on the larvae and increased the area suitable for 


settlement. Increased survival of larvae would produce 
localised dense populations of A. planci. These would increase 


the area of dead coral by their feeding activities and might 
thus further reduce predation on the larvae, simultaneously 
increasing the area suitable for subsequent settlement. 


DISCUSSION 


This suggestion, that recent mechanical damage may have 
been important, meets with the difficulty that coral reefs 
have long been subject to cyclone damage. Disturbance of coral 
by such a natural cause would presumably result in conditions 


similar to those postulated as favouring the development of A. 
planci plagues. Pearson (Pearson and Endean, 1969) has shown 
that larvae can in fact settle in areas of rich coral growth, 
especially among the basal stems of closely packed branching 
colonies of Acropora echinata. The larvae may indeed swim for 
a long time among the coral stems for it seems well established 
that echinoderm larvae can delay metamorphosis until they 
discover an area suitable for settlement (Mortensen, 1938). 

The older photonegative larvae (Thorsen, 1950) may thus be 
expected to visit the bottom repeatedly, while being carried 
by water currents for several days, but it is not clear that 
they would be vulnerable to predation by coral. If they are 
photonegative, it is probable that most of their searching is 
carried out during daylight, when the majority of coral polyps 
are not feeding. Shaded crevices of coral reefs offer many 
Suitable surfaces, which are free from filter feeders and 
would provide for the attachment of brachiolaria larvae and the 
protection of young metamorphosed starfish. In most situations 
the coral cover of a flourishing reef is only 30-50 per cent 
(Talbot and Talbot, 1971) and the remainder is veneered with 
hard encrusting red coralline algae forming sheets or patches 
of cement-like pink calcium carbonate. Larvae reared in the 
laboratory settled in the presence of encrusting algae, algal 
detritus, serpulid tubes, fine siliceous sand, lithothamnion, 
live Pocillopora damicornis, spines -and tube feet of A. planci 
and recently predated P. damicornis (Henderson and Lucas, HOA) 
Mechanical destruction of coral would seem to be unnecessary 
for survival and metamorphosis of A. planci, and might be 
unfavourable through reducing the available food. Moreover it 
does not necessarily follow that a "seed" population would 
reproduce locally and thus build up in the manner envisaged by 
Chesher, since the larvae have a planktotrophic life of 
considerable duration, during which they must be widely 
dispersed and are probably preyed upon heavily. 


Several workers have recently suggested that the present 
situation regardins populavwons OMA. planer sow abu carl (Weber 
and Woodhead, IQD7OsS Warne, iIO97Os . Waae, 1970) and it appears 
mkety that themrecent  omvb real tore neo US) Olan lA picitert | 
reflects an increase in the number of divers aware of the 
starfish. There seems to be no need to postulate a real 
inerease in the numbers) of) (AS jplatc i tne tire sinCo Pale ir se ee es 
Pearson (1969) has pointed out, prior to 1964, starfish 
aggregations on the Great Barrier Reef had been overlooked by 
fishermen and skindivers. In the Red Sea I asked several 
fishermen, shell collectors and skindivers where we could find 
large numbers of Acanthaster. Nobody could direct us to a 
"plague", although we eventually discovered two reefs on which 
large numbers were found, both within several miles of Port 
Sudan (Roads and Ormond, 1971). 


The fact that "plagues" have now been reported throughout 
the range of distribution of A. planci suggests that these are 


in fact natural facets of the life-history of Acanthaster. 

Work carried out by the Cambridge Coral Starfish Expedition in 
the Red Sea tends to support this view. Within the aggregations 
of A. planci which were discovered we identified "mini-aggrega-— 
tions"--many starfish huddled together, often with arms inter- 
locked or discs partly overlapping, emerging at night time from 
their shaded situations under Acropora tables to feed together 
on the same tables. Although the majority were inactive and 
hidden in daytime, occasional individuals were observed moving 
over sandy areas between the hidden mini-aggregations. The 
Presence of ovher* A. plancsi, did inot appear’ to attract these 
moving starfish, but at night A. planci which had commenced 
feeding appeared to attract others. Thus the number feeding 

on a particular table increased, and it seems possible that 
some form of chemo-attraction may be exerted by feeding starfish. 
Research by Brauer, Jordan and Barnes (1970) suggests that A. 
planci may be attracted by particles of semi-digested coral 
tissue. They demonstrated reflex stomach eversion by injection 
of coral extract into the water. The degree of responsiveness 
of starfish to this stimulus was greater at night than during 
daytime. Chemo—attraction between individuals has not been 
conclusively demonstrated but seems likely to occur. Experi- 
ments carried out with” Y tubes on A. planci an’ the’ Red Sea 
indicate that individuals are attracted to feeding starfish 
(Ra Ge Ormond, personal communication, October AOA)" ima! 
Red Sea area where Acanthaster was sparse, observed directions 
of movement of isolated individuals, in relation to the spacing 
of previous feeding scars, suggested the possibility that chemo- 
attraction from aggregations may attract starfish from one or 
two miles away. Thus massive aggregations may perhaps form by 
mechanisms similar to those which create mini aggregations. 


The fact that feeding aggregations develop naturally 
suggests a mechanism by which massive sudden population 
imnereases (may occur.-"-A ‘Ssilisht fluctuation’ in larval’ survival 
may result in an increased population density of starfish. 
Beyond a certain level a significant increase may occur in the 


number and size of feeding aggregations which develop. Greatly 
increased fertilisation within these aggregations could lead to 
a sudden increase in metamorphosed starfish. Thus the initial 


change in conditions may be quite small (giving rise to a slight 
increase in population). Dhais trigcscersore a natural @chainv*eL 
events which may lead to sudden localised population explosions. 


An advantage of aggregations is that they increase the 
chances of successful fertilisation of eggs. It is doubtful 
whether isolated individuals contribute at all to the planktonic 
population of larval A. planci (see Thorson, 1950). Epidemic 
spawning has been recorded in a number of asteroids: Asterias 
rubens (Gemmill, 1914; Bull, 1934); Asterias forbesi (Galstoff 
and Loosanoff, 1939); Solaster papposus (Gemmill, 1920); and 
Astropeeten’ irresularis (Thorson, 1946). Pearson (Pearson and 
Endean, 1969) observed synchronous male spawning in A. planci 
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and this seems to have triggered off spawning in at least one 
female a metre away from the nearest spawning male. Probably 
fertilisation is ensured through some ecto-hormone, as in 
Asterias (Chaet, 1961; Kantani et al, 1963; Stebbing, 1967), 
and the successful reproduction of. A. planci may well rely upon 
the formation of aggregations. 


A fortunate result of the aggregated feeding habits of A. 
pianci is that the damage is localised and many large coral 
structures are left completely untouched. Where aggregations 
appear to have been abnormally large (such as at Guam and on 
a section of the Great Barrier Reef), there is less likelihood 
of any large coral structures remaining undamaged, except of 
those species not usually attacked by A. planci (see Pearson 
and Endean, 1969), but the majority of reported "plagues" have 
been of more moderate proportions. It is a characteristic 
feature of such areas that some coral structures survive 
undamaged. JI have seen examples of this at Northeast Bay on 
Great Palm Island, where isolated outcrops of delicate staghorn 
Acropora remained untouched whereas at least 50% of the Acropora 
was killed (see also Endean, 1969; Pearson and Endean, Geen” 
Off Fiji and in the Red Sea I have observed similar examples. 
The corals which escape attack are likely to provide planulae 
for settlement and recolonisation of devastated areas. This 
is a slow process but it has been observed to occur (Pearson 
and Endean, 1969). 


Suggestions that fishermen will lose their livelihoods, 
reefs will erode and atolls sink gradually beneath the waves 
must be treated with more than a little scepticism. Apart from 
destruction of corals, few faunistic changes in the ecology of 
reefs devastated by A. planci have been observed by Pearson 
and Endean. Pacific islanders appear to rely a great deal on 
bottom fishing from deep water off the edges of reefs, and 
from fishing for pelagic fish. Neither of these fish popula- 
tions are likely to be affected by A. planci destruction. 
There has been little evidence of serious reef erosion 
following devastation by A. planci and indeed this seems 
unlikely to occur. 


Cover by live corals on richly flourishing reefs is 
remarkably low (Talbot and Talbot, 1971) and many reefs 
consist mainly of dead coral material covered by calcareous 
algae. Indeed, this is a feature of areas most exposed to 
wave action, such as in shallow water on exposed sides of 
reefs. Rates of recolonisation and regrowth of coral appear 
more than enough to compensate for gradual sinking of some 
reefs. In view of the massive thickness of dead coral on most 
coral reefs, beneath the thin veneer which is alive, it is 
worth considering the possibility that, far from having a 
deleterious effect on the development of coral reefs, dense 
predation by A. planci may actually promote their development 
by killing protuberant colonies and thus encouraging firmer 


regrowth and cementation basally. As growth studies on 
scleractiniam corals have shown (Manton, 1932; Motoda, 1940; 
Abe, 1940) initial rapid growth rate of a colony, or individual 
in the case of Fungia, is followed by a slowing down, leading 
to almost complete cessation. Thus, by providing new surfaces 
for settlement of planulae and development and more rapid 
growth of young colonies, predation by’ A. planci may lead to 

an acceleration of reef growth. 


CONCLUSIONS 


Although predation on coral by A. planci may be a normal 
facet of the development of coral reefs, in the short view 
massive destruction of scleractinian corals is undesirable on 


reefs visited by tourists. The only practical solution so far 
sugsesticd as vo kill or remove Acanthaster from inhested reefs 
(Endean, 1969). In view of the restricted breeding season of 


A. planci in several regions affected by plagues (Pearson and 
Endean, 1969) and the probability that recruitment takes place 
from aggregated stocks, where fertilisation is more likely to 
occur, it is suggested that efforts by skindivers to remove 

A. planci from reefs should be concentrated on aggregations in 
the period immediately prior to the breeding season. It is 
thus important to establish whether a regional population 
exhibits a restricted breeding season such as that reported by 
Pearson (1970) hor, A plane: ‘on thes Great Barr er Reet), and? to 
discover the time of the main breeding period (December to 
January in Queensland waters). Given competent divers it 
would be considerably more efficient to collect starfish at 
night time when more are exposed on corals. Removal of 
aggregated starfish following the breeding season is unlikely 
to have a significant effect on the population in an area, 
whilst searching out and removing isolated individuals is 
probably never worth the effort. 


ACKNOWLEDGEMENTS 


IT am grateful to Rotary International for a travelling 
fellowship to visit many areas of the Pacific and to the 
Cambridge Coral Starfish Research Expedition for the opportunity 
to study in the Red Sea. I was resident for one year at the 
James Cook University of North Queensland and I wish to thank 
Professor C. Burdon-Jones and Dr R. Kenny for supervision and 
advice. Present research is supported by a grant from the 
University of Wales. For advice in the preparation of this 
paper I wish to thank Professor E.W. Knight-—Jones. 


(9/8) 


REFERENCES 


Abe, N. 1940. Growth of Fungia actiniformis var. palawensis 
Diderlein and its environmental conditions. Palao trop. 
biol. Stud, 2: 7105-145; 


Barnes, J.H. 1966. The Crown-of-Thorns Starfish as a destroyer 
of coral. Aust seNate  bulsit. wml) 


Branham, J.M., S.A. Reed, Julie H. Bailey and J. Caperon. 1971. 
Coral-eating sea stars Acanthaster planci in Hawaii. 
Niewence! 17/2 ceils —amll ayes 


Brauer, R.W., Jordan, M.R. and Barnes, D.J. 1970. Triggering 
of the stomach eversion reflex of Acanthaster planci by 
coral extracts. Nature 228 (5269): 344-346. 


Bull, H.O. 1934. Aquarium observations on the rate of growth 
and enemies of the common starfish Asterias rubens L. 
Rep. Dover Mars = Labo. Semise 2 OO=Obe 


Chaet, A.B. and Rose, R.A. 1961. Further studies on the gamete 
"Shedding substance" from radial nerves. Biol. Bull. 121: 


Bye) 


Chesher, R.H. 1969. Destruction of Pacific corals by the sea 
star Acanthaster planei. Science 1659 BSxO=233) 5 


Chesher, R.H. 1970. Acanthaster planci: Impact on Pacific 
‘Kogenl, weeyeias, WS WDSpupo JuduGieoie Ppl, , Te/O3e NS lige. 


Clark, H:L. 1921. The» echianoderm fauna of Morres, Straiv:) lcs 
composition and its origin. Publs. Carnegie Inst. 10 


(Zia aaah. 


Dana, T.F. 1970. Acanthaster: a rarity in the past. Science 


169: 894. 


Dana, T. and Wolfson, A. 1970. Eastern Pacific Crown-of-Thorns 
starfish populations in the lower Gulf of California. 
San Diego Soe. Nat:\ Hist. Trans + 16(+)e) 83-90% 


Domantay, J.S. and Roxas, H.A. 1938. The littoral Asteroidea 
of Port Galera Bay and adjacent waters. Philipp. J. Sci. 
65: 203-238. 


Edmondson, C.H. 1946. Reef and Shore Fauna of Hawaii. B.P. 
Bishop Museum, Honolulu, 381pp. 


Bidredge, L.G. 1970. Acanthaster Newsletter, no.2. from the 
Marine Laboratory, Univ. of Guam, Agana, Guam. 


) 


Endean, R. 1969. Report on investigations made into aspects of 
the current Acanthaster planci (Crown of Thorns) infest- 
ations of certain reefs of the Great Barrier Reef. Fish. 
Branch. Qld Dept. of Prin. ind. ,. Beisbane, 35pp. 


Galtsoff, P.S. and Loosanoff, V.L. 1939. Natural history and 
method of controlling the starfish (Asterias forbesi, 
Desor). Bull. Bur. Pish., Wash., 49: 75=132: 


Gemmill, J.F. 1914. The development and certain points in the 
adult structure of the starfish Asterias rubens L. Phil. 
Megan (Us), 2ORS 21 Gaee. 


Gemmill, J.F. 1920. The development of the starfish Crossaster 
papposus, Mtiller and Troschel. Quart. J. micr. Sci. 64: 
155-189. 


Goreau, T.F. 1963. On the predation of coral by the spiny 
starfish Acanthaster planci (L.) in the southern Red Sea. 
Sea Dich Rests tarlehaishar su lal | baie 2 3— Zor 


Hayashi, R. 1938. Sea stars of the Caroline Islands. Palao 
Trop DalodheaSisn sao ucla ile? =n 


Henderson, J.A. and Lucas, J.S. 1971. Larval development and 
metamorphosis of Acanthaster planci (Asteroidea). Nature 


2375303) 2 O55=6578 


Kanatani, H. and Oghuri, M. 1966. Mechanism of starfish 
Siena, Il, soil, WueulIly WSS WORST 


Livingstone, A.A. 1932. Asteroidea. Sci. Rep. Gr. Barrier Reef 
Exped. 1928=295 4: 241=265. 


Madsen, F.J. 1955. A note on the sea star genus Acanthaster. 
Vidensk. Meddr. dansk naturh. Foren. 117: 179-192. 


Manton, S.M. 1932. On the growth of the adult colony of 
Roca vopora bpulibosa. Seca. Rep. Gir Barrier Reet Exped: 
1928-29, 3: 157-166. 


Mortensen, Th. 1931. Contributions to the study of the 
development and larval forms of Echinoderms 1-11. K. 
danisike. Vacdlenslcs Sellclc.. Slem, Naturvaldes Mating Asda 9) 2b: 


1-39. 


Mortensen, Th. 1938. Contributions to the study of the 
development and larval forms of echinoderms. IV. K. danske 
Wicemele, Sellsik, Sike., WSs 1a59. 


Motoda, S. 1940. A study of growth rate in the massive reef 
coral.) Goniasirea aspera, Veuriiii Palao trop. balol. stud: 
Bo (36), 


10 


Pearson, R.G. 1970. Studies on the Crown of Thorns Starfish 
on the Great Barrier Reef. Qld. Litt. Soc. Newsletter 36: 
1-10. 


Pearson, R.G. and Endean, R. 1969. A preliminary study of the 
coral predator Acanthaster planci (L.) (Asteroidea) on 
the Great Barrier Reef. Fisheries Notes, Dept. Harb. & 
Mar. 3(1): 27=55. 


Roads, C.H. and Ormond, R.F.G. 1971. New studies on the coral 
predating Crown of Thorns starfish. Cambridge Coral 
Starfish Research Group. 


Stebbing, A.R.D. 1967. A possible mechanism for synchronous 
liberation of gametes in asteroids. Bios: 1: 56-57. 
Univ. Coll. Swansea. 


Talbot, F.H. and Talbot, M.S. 1971. The Crown-of-thorns 
Sibel totes by (Acanthaster) and the Great Barrier Reef. 
Endeavour 30(109): 38-42. 


Thorson, G. 1946. Reproduction and larval development of the 
Danish marine bottom invertebrates, with special 
reference to the planktonic larvae of the Sound. 
(Gresund). Medd. Komm. Havundersog., Kbh., Ser. Plankt., 
Lt 523)s 


Thorson, G. 1950. Reproductive and larval ecology of marine 
bottom invertebrates. Biol. Rev. 25: 1-45. 


Vine, P.J. 1970. Densities of Acanthaster planci in the 
-—3 Pac 


Pacific Ocean. Nature 228(5269): 341 


Weber, J.N. and Woodhead, P.J.M. 1970. Ecological studies of 
the coral predator Acanthaster planci in the South 
Pacific. Marine Biology 6: 12-17. 


FIGURES 


Acanthaster planci removed from hiding and placed 

in light during daytime soon moves back into shaded 
conditions. The long light-sensitive terminal podia 
can be seen. 


Peter Goreau (son of the late Tom Goreau) studies an 
Acropora, table! an the Redwsea., | ther what em nes ronusdas 
been predated upon by A. planci and the peripheral 
darker region as) stash ailiive. — iwelivie VAly planers were 
found under the table, mostly attached to the basal stem. 


A. planci moving over sand. 


Two A. planci revealed by removing an overlying slab 
One c Oncailas 
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Figures (following p. 20) 


Map of Queensland and the Great Barrier Reef. The 
shaded area represents the region of the Great 
Barrier Reem agiected joy the e&. jplane: plagues: 


Map of portion of the Great Barrier Reef showing 
the positions of some of the reefs visited during 
the present investigation. The positions of 8 
reefs referred to in this paper but not visited 
during this investigation are also shown. 


Map of portion of the Great Barrier Reef showing 
the positions of the remainder of the reefs visited 
during the present investigation. 


Portion of back reef area west of sand cay at 
Beaver Reef illustrating sparse hard coral cover 
(December, 1970). 


Portion of seaward slope on south-east side of 
Glow Reef illustrating moderate hard coral cover 
(January, 1971). 


Portion of seaward slope on north-east side of 
Potter Reef illustrating dense hard coral cover 
(May, 1971). 


Portion of seaward slope on east side of Coil Reef 
illustrating low damage to hard corals caused by 


Ae pilanca) (ouily) 1 970). 


Portion of seaward slope on west side of Trout 
Reef illustrating marked damage to hard corals 
caused) by A. planca. A specesinen (of 2) pllanicispas 
visible near the centre of the photograph 
(December, 1969). 


Portion of seaward slope on east side of John 
Brewer Reef illustrating heavy damage to hard 
corals caused by A. planci (January, AO Fite) 


Living tabular acropores on reef crest on north 
side of Broadhurst Reef (October, 1I7On 
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Skeletons of tabular acropores Killed by A. pillanci on 


seaward slopes on north side of Broadhurst Reef 
(February, 1970). 


Photograph of quadrat in position on seaward slope 
at northern tip of Lodestone Reef (aelaLay 1970). 

Analysis of reef cover in quadrat yields 26.3% LHC, 
37.3% DHC, 0% SC and 36.4% ADS. 


Massed specimens of A. pilanci underlying part of a 
quadrat on the reef fiat atvsolasherns, Noal) Rees 
(August, 1970). 


Soft coral cover on reef flat near sand cay at 
Taylor Reef (May, WO), 


Soft coral cover on reef flat near sand cay at 
Taylor Reef (May, OF es 


Large numbers#of A. pillancs onVhard (corals jom reer 
flat at Slashers) No. i Reet | Auieusit.) 19770). 


A colony of staghorn coral almost completely 
enveloped by a mass (of “feedings Aviiplanc2 Vair 
Slashers No.1 Reef (August, 1970). 


Graphs showing size frequencies of populations 

of A. planci. 

A. Population sample from reef crest at 
Silasihess: Nowe Reet otlaeyaenealee 

B. Population sample from reef crest and seaward 
slope south east side of Glow Reef on 28.1.71. 
Specimens in the size range 70-120 mm were 
GOLULSceeCl Win wWhse weESCi Geese, whe wemwesimcer 
from the reef slope. 

C. Population sample from a coral pinnacle in 
the back reef area at Nathan Reef on 26.9.69. 

D. Population sample from a coral pinnacle in 
the back reef area at Nathan Reef on 27.1.70. 


Graphs showing size frequencies of populations 

of A. planci. 

A. Population sample from back reef area at Big 
Sand (Cayzeneet one Zor >is 

B. Population sample from the reef flat at 
Slashers No.1 Reef on 17.8.70. 

C. Population sample from west side of lagoon 
at Bramble “Reef on 13% 120697 

D. Population sample from seaward slope, northern 
tip of Broadhurst Reef on 1.2.70. 


Graphs showing size frequencies of populations 

of A. planei, 

A. Population sample from seaward slope, northern 
tip of Lodestone Reef on 29.5.70. 

B. Population sample from reef crest and seaward 


slope, south west corner of Trunk Reef on 14.12.69. 
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The stant triton, Charonia tritonis, approaching 
a Specimen Of Ay plane! which 18 feeding on a 
tabular acropore at Lodestone Reef (May, 1970). 


Charonia tritonis captured while eating a specimen 


of A. planci at Nathan Reef (January, 1970). 


A STUDY OF SOME ASPECTS OF THE CROWN-OF-THORNS STARFISH 
(ACANTHASTER PLANCI) INFESTATIONS OF REEFS OF AUSTRALIA’S 
GREAT BARRIER REEF 


by R. Endean and W. Sesion 


ABSTRACT 


The region of Australia's Great Barrier Reef lying between 
approximately Lat. 15° and 19° S. is known to have been affected 
by population explosions of Acanthaster planci during the 1960's. 
About 150 patch reefs, each several square kilometres in extent, 
ite sbemmecn late iOw 4S. wand 19° 20" S.. and 62 of these reefs 
including most of the larger ones were visited between August, 
1969 and May, 1971. Although 46 of the 82 reefs carried few or 
no A. planci when visited, it is known that 18 of the 46 had 
carried large numbers of starfish at some stage during the 1960's, 
and it is possible that two other reefs also carried large numbers 
of starfish during this decade. On these 20 reefs a massive 
destruction of hard corals had occurred. The picture of coral 
destruction on these reefs contrasts markedly with that found on 
the 26 reefs visited which have not been infested with starfish 
during the 1960's. On these reefs the percentage of freshly 
killed coral in the total coral cover is very low. 


Thirty-six of the 82 reefs visited were carrying large 
numbers of starfish and destruction of hard corals was in pro-_ 
gress on these reefs. The amount and location on each reef of 
freshly killed hard coral was related to the stage of starfish 
infestation reached. Initially, damage was confined to deep 
water around the perimeter of the reef where starfish first 
appeared in large numbers. Subsequently, the coral destruction 
spread to other areas of the reef as starfish ascended reef 
slopes and invaded reef flats. Population densities as high as 
15 adult starfish per square metre over thousands of square 
metres of reef were observed. 


Juvenile starfish were confined to shallow water areas, 
principally on reef crests, and in most cases appeared to be 
the progeny of invading starfish. Invasion of reefs appears 
to result from adult starfish migrating between reefs rather 
than being due to larval carriage from reef to reef by currents. 
LU Tape of Zoology, University of Queensland, Brisbane, 

Australia. 


(Manuscript received September 19°74 ==) .*) 


It is suggested that population explosions of A. planci first 
occurred during the early 1960's on accessible inner patch 
reefs near the major centres of human population in North 
Queensland and that subsequently there was a spread of starfish 
to adjacent reefs. This spread is continuing. 


INTRODUCTION 


Population explosions of the coral-eating starfish Acan- 
thaster planci were observed on ceehs oh hme i Gigea) Ga bakieioe ie @cies 
in the Cairns region during 1962. By early 1963 it was apparent 
that Green Island Reef, near Cairns, was infested with starfish 
which were causing obvious damage to the hard coral cover of the 
reef (Barnes and Endean, 1964). Subsequently, a survey of the 
apparent extent of infestation by A. planci of the reefs of the 
Great Barrier Reef was carried out during the period March, 1966 
to August, 1968. It was found (Endean, 1969; Pearson and Endean, 
1969) that the region of infestation (Fig. 1) embraced reefs in 
the region lying between approximately Lat. 15° 18' S. (Lark 
Reef) and approximately Lat. 18° 58! S. (Broadhurst Reef). 
Although only a third, approximately, of the reefs in this 
region were visited the picture which emerged was clear. Most 
inner patch reefs and some of the outer reefs visited carried 
unusually large populations of A. planci which were causing 
extensive damage to hard corals on these reefs. Towards the 
end of 1967 an apparent decline in starfish numbers, probably 
owing to scarcity of food, on some inner patch reefs in the 
Cairns-Innisfail area was noted. At the same time some evidence 
was obtained that other reefs immediately to the south of this 
area were coming under attack. ° 


Although there can be no doubt that a catastrophic mortality 
of hard corals has occurred in the area (Endean, 1969; Talbot and 
Talbot, 1971) available estimates (Endean, 1969; Pearson and 
Endean, 1969) of the extent of destruction of hard corals on 
particular coral reefs caused by the feeding activitres of A. 
planci lack precision. In most cases they are visual estimates 
relating solely to the percentage of dead coral in the total 
coral cover present in a sampled area of reef after the reef 
had been devastated by the starfish or while the devastation 
was in progress. Apart from a lack of precision such estimates 
could be somewhat misleading since they do not take into account > 
the overall extent of the coral cover or the amount of dead 
coral normally found on the reef when A. planci is present at 
low population density. 


There is a dearth of information about the manner in which 
reefs of the Great Barrier Reef become infested with A. planci 
and the respective roles played by juvenile and adult starfish 
in initiating these infestations. Also, lattle information is 
available concerning starfish predators and other factors which 
might have some bearing on the genesis of the starfish infes-— 
tations of reefs in Queensland waters. 
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In: view of the foregoing, it was decided in 1969 to visit 
as many as possible of the larger reefs in the region of the 
Great Barrier Reef lying between approximately Lat. 16° 30' S. 
and 19° 20' S. with a view to ascertaining whether starfish had 
departed from inner patch reefs in the Cairns-Innisfail region 
and whether inner patch reefs south of this area were coming 
under attack. It was also decided to ascertain whether outer 
reefs in the region between Lat. 16° 30' S. and 19° 20' S. had 
been attacked by the starfish. At each reef visited visual 
estimates were to be made of the density and distribution of 
AVY planessjand? of \ihe,aajon typesiof reef cover,;,partreutlar 
attention being given to the respective amounts of living coral 
and recently killed coral present. At selected reefs these 
estimates were to be supplemented by and checked against quan- 
titative data obtained by a sampling technique. It was also 
decided to analyse the structure of A. planci populations on 
some reefs with a view to obtaining information on the respec-— 
tive parts played by juvenile and adult starfish in the infes- 
tations of reefs. In addition, a search for starfish predators 
was to be made on all reefs visited. 


MATERIALS AND METHODS 


During the period between August, 1969 and May, 1971 82 
reefs (Figs. 2 & 3) of the Great Barrier Reef lying between 
Lat. 16° 34! S. and 19° 20' S. were visited, some on more than 
one occasion. The reefs in this region are generally regarded 
as patch reefs. Those lying nearer the 100 fathom line are 
termed outer patch reefs and those nearer the 20 fathom line 


are termed inner patch reefs. The mean distance between 
adjacent reefs in the region approximates 10 km. Some reefs 
visited are not named on official charts of the region. These 


reefs are referred to in Figs. 2 & 3 by names conferred on them 
by local fishermen. 


At some localities a general survey of a sector of reef 
was made by swimming over the area while wearing face mask and 
snorkel or scuba gear. At other localities reef areas were 
examined through a glass-—bottomed box while traversing the 
areas by boat or were viewed by a diver who was towed ona 
manta—-board behind a boat. Usually, sectors of the perimeter 
of a reef including the seaward slopes from reef crest to sea 
floor were examined. Sectors on the normal weather side and 
on the normal lee side of each reef were usually chosen (south- 
east trade winds prevail for approximately nine months of each 
year in the region of the Great Barrier Reef Vib ted): SB & 
numerous coral pinnacles ("bombies") were present in lagoons 
or in extensive back reef areas on reefs visited some of these 
pinnacles were also examined. Occasionally, reef flat areas 
were examined. In each case an estimate of the area examined 
was made. 
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Visual estimates (Table 1) were made of the apparent 
abundance of A. planci (wherever possible the number seen in 
a twenty minute period for ready comparison with the results 
obtained in the earlier study made by Pearson and Endean (1969) 


was noted) in the reef sector examined. Also, the apparent 
pattern’ of distribution: of Aw pilanes ‘on! each reef vilsa vediwas 
ascertained wherever possible. Searches were made in the 


Vicinaty of ‘any Preshily, kitted tard icoralks! enc ounttveme di tals) GAs 
planci is cryptic when present at low population densities. 

At each sector of reef visited the proportion of the total area 
of the reef surface examined which was covered by live hard 
corals plus the skeletons of recently killed hard corals still 
in situ (i.e. the total hard coral cover) was estimated and 
referred to one of the following categories for inclusion in 
Table 41:) sparse (Pie) jo imoderatem(Mis. 5) ,aidensiein( Halen Gr 
Likewise, the proportion of recently killed hard corals (skele- 
tons: ‘sitadats ain situ) in the total hard coral cover was estimated 
and referred to one of the following categories for inclusion 
in Dabiertr: low (Gale. 7), Mniareked! KGrare.0.8)) i whales (ales o ye 
Normally, no difficulty was encountered in assigning the total 
coral cover or the proportion of dead hard coral in the total 
coral cover of a reef sector examined (Figs. 10 and 1) uC ome 
of these categories but if some doubt existed this is indicated 
in) Tabile 1). ite) extent sot  theusoimt ieoraien( aleyomaraiarm)) Meoxjed: 
present in each reef sector examined was also assessed. 


At certain localities sampling stations were selected and 
attempts were made using a sampling technique developed by J. 
Laxton and W. Stablum to obtain quantitative data on the per- 
centage of the area of the reef sampled which was covered by 
live hard corals (LHC), by the skeletons of recently killed 
hard corals remaining in situ (DHC) , by, Soi tcorails (SC) and by 
algal-dominated substratum (ADS). MMSE 1bOWhe CelwESorstes Ole seSeit 
cover accounted for the bulk of the cover observed. Living 
sedentary animals other than hard and soft corals (Sogs sponges, 
gorgonians, anemones, colonial anemones, tunicates) were found 
attached to the substratum in the areas sampled but they 
comprised usually less than 1% of the total cover observed. 


No difficulty was experienced in the field in distinguishing 
between living and dead corals. Recently killed corals were 
recognized by their stark white skeletons. It was noted that 
within two to three weeks these skeletons acquired a fine greyish 
or greenish coating of filamentous algae. Subsequently the 
algal covering thickened and darkened and coral skeletons became 
covered with dark tufts of filamentous algae. In some cases at 
least, coralline algae ultimately covered parts of the skeletons 
which can remain in situ for extended periods. For example, 
Pearson and Endean (1969) refer to the skeletons of two dead 
coral colonies which had remained in situ at Green Island Reef 
for almost three years when last observed. On the reef crests 
of some reefs a few hemispherical nodules were observed which, 
upon examination, were found to be comprised of coral skeletons 
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heavily encrusted with coralline algae. These were included 
in the category of algal-dominated substratum but otherwise 
corals skeletons, retiaining, ani situ, arrespective of whether) they 
were covered with algae or not, were placed in the category of 
dead hard corals. The category termed algal-—dominated sub-— 
stratum included occasional patches of loose coral sand and 
apparently bare areas but, in the main, was comprised of con- 
solidated and semi-consolidated reef debris covered with algae. 
Coralline algae predominated but other types of algae, part-— 
icularly short filamentous forms, were represented and were 
especially common in some areas (e.g. reef crests). However, 
no attempt was made to differentiate among the algal species 
encountered. 


The sampling technique used to obtain quantitative data 
involved the running out of a 100 metre transect line, marked 
off in one metre lengths, across the region to be sampled. As 
far as was possible under the conditions prevailing at the time 
of the visit a station or stations were chosen on the normal 
weather side and on the normal lee side of each reef visited. 
One end of the transect line was normally anchored in water 5 - 
20 metres deep, seawards from the reef edge, the line run out 
towards the nearest point on the reef crest and secured on the 
reef crest or reef flat at some distance (10 - 30 metres) from 
the reef edge. Usually this procedure resulted in the line 
being oriented at right angles to the reef edge in the region 
sampled. Also, particularly on windward sides of reefs, it 
usually resulted in the transect line traversing the seaward 
slopes of the reef sampled from sea floor to reef crest. 


Estimates of the percentage cover of LHC, DHC, SC and ADS 
respectively were made as follows: a metre square grid was 
placed at the start of the transect line and photographed from _ 
a point perpendicular to the plane of the grid and at a distance 
of approximately 2 metres from it. When the slope of the reef 
surface below the transect line was less than 70° from the hori- 
zontal the grid was photographed in a similar way at intervals 
of ten metres along the transect line. When the slope was 
greater than Ow the grid was photographed at shorter intervals. 
Sometimes conditions (heavy wave action, strong currents, poor 
visibility etc.) were unfavourable for transect work and fewer 
quadrat photographs than usual were taken. 


Two identical prints (Fig. 12) were made of each negative 
obtained. One was kept as a record. From the duplicate the 
images of living hard corals, recently killed hard coral 
skeletons in situ and soft corals respectively were carefully 
excised. The remainder of each print was regarded as repre- 
senting algal dominated substratum. The pieces belonging to 
each category were weighed to the nearest 0.0001 gram. Each 
weight thereby obtained was then expressed as a percentage of 
the total weight of the print. This procedure yielded the 
percentage area of each print occupied by each category of reef 
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cover investigated and it was assumed that the figure obtained 
in each case corresponded with the actual percentage area 
occupied by the particular category of reef cover in the area 
of reef surface depicted in the print. It was intended that 
the area of each print should correspond with the area of the 
quadrat (1 metre squared) used. However, this was frequently 
not the case and the area of each print merely gpproximated 

1 metre squared (mean for 551 prints was 1.12 m and the range 
was 0.82 - 1.88 m~. Mean figures for the percentage area 
occupied by each category of reef cover on each transect were 
then calculated and are listed in Table 2. 


Attempts were made to assess the density and distribution 
of A. planci at each transect made. The number of specimens 
visible in each quadrat was determined (Fig. 13). Information 
on the size frequency distribution within starfish populations 
on some reefs was also obtained. To obtain this information 
without disturbing the population the maximum radius of each 
starfish was measured in situ in some cases. 


RESULTS 


The reefs visited, estimates of the area of each reef 
sector sampled, estimates of the percentage of each reef area 
sampled which was covered by live hard corals and the skeletons 
of recentlys killed) hard iicorailis is fa ligans sashes esitamalesmot, ine 
percentage of recently killed hard corals in the total hard 
coral cover and a description of the general condition of the 
reef cover are given in Table 1. Also included in Table 1 is 
information on the apparent abundance and distribution of A. 
planci in the areas of each reef examined. Data obtained from 
quadrat sampling along transects made on 24 reefs are presented 
in Table 2. These data include figures for the percentage of 
the total reef cover occupied by each of the 4 categories of 
reef cover selected for detailed investigation, the percentage 
of the total hard coral which had recently been killed and the 
mean number of coral colonies per print. The number of colonies 
per print approximates the number per quadrat (Goer per m*). 

It should be noted that the figures presented reflect the actual 
Situation only for the areas specified at the dates specified. 
Because of camera malfunctions, incorrect exposures etc., a few 
quadrat photographs were unsuitable for analysis and were dis- 
carded. The number of quadrat photographs included in the 
analysis of each transect is given. 


It can be seen from Tables 1 and 2 that the percentage of 
the surface of a reef which is covered by living hard corals 
and the skeletons of recently killed hard corals remaining in 
situ (aoe; thes total: *hairds coral: cover) varies markedly from 
reef to reef and from one region to another of the same reef. 
Water depth and degree of exposure to wave action were two 
factors which obviously affected the density of hard corals 


growing in any particular area of a reef but no attempt was 

made to assess the relative importance of these or other factors. 
It might be mentioned however, that although hard corals were 
usually well developed on the seaward slopes of the reefs visited 
they usually became sparser in water deeper than about 15 m. 

Even so, they were usually well represented on seaward slopes 
until the consolidated and semi-consolidated material comprising 
the reef proper merged with unconsolidated coral sand and reef 
debris around the perimeter of the reef. The depth at which 
this occurred varied somewhat from reef to reef but in general 
was about 25 m for the inner platform reefs and about 35 m for 
the outer platform reefs visited. The extent of the surface 
Ora KectECovercd by (sohtvcorals varied Prom reef to ‘reef and 
from one part to another of the same reef. A variable but 
frequently high percentage of the surface of each reef sector 
was devoid of living hard or soft corals or the skeletons of 
recently killed corals. Usually these reef areas were dominated 
by algae, particularly calcareous algae. 


Despite intensive searching of areas visited by trained 
observers familiar with the behaviour of A. planci, specimens 
of the starfish were not observed on 36 of the 82 reefs visited. 
Less than 4 starfish were seen on each of another 10 of the 82 
reefs visited. It is known that 13 of these 46 reefs which 
appeared ;to bey devoid) or vartually devoid of A. planci an 1969, 
1970 or 1971 had carried large numbers of starfish at some 
stage during the 1960's (Endean, 1969; Pearson and Endean, 1969) 
and reports from reliable witnesses have been received that 
another 5 reefs (Cayley, McCulloch, Hall-Thompson, Eddy and 
Farquharson ) visited during the recent survey but not visited 
when the earlier studies were made were also invaded by starfish 
during the 1960's. It is noteworthy that destruction of hard 
corals as evidenced by the ratio of recently killed hard coral 
skeletons) anijsaitu to total hard jconad) cover on these 16) reefs 
has been particularly heavy and the living hard coral cover of 
these reefs is now remarkably sparse. The percentage of coral 
skeletons in the total hard coral cover of these reefs (as well 
as the total hard coral cover) would in many cases be even 
higher if allowance had been made for the fact that soft corals 
(Pigs. 14 and 15 ) have covered the skeletons of many of the 
recently killed hard corals. Indeed, on many of these 18 reefs 
soft corals cover extensive areas and have obviously proliferated 
after hard corals were destroyed since they have grown over the 
skeletons of recently killed corals. 


Of interest was the finding that coral damage caused by 
starfish was extensive on only the lee sides of another two 
reefs apparently devoid of A. planci when visited in 1971. 

One of these reefs, Horseshoe Reef, had not been visited during 
the 1960's. The other, Potter Roche had been visited briefly 
in 1969 but starfish which must have been present in the lagoon 
at this time were missed. Some damaged corals were in fact 
observed on this reef in 1969 but the damage was attributed to 
storms. 


(9/6) 


As far as can be established the remaining 26 reefs which 
were devoid of A. pllanci during the recent visits had now carnmed: 
abnormal numbers of the starfish at any stage during the last 
decade. Two starfish were observed during a 15 minute search at 
Noggin Reef in 1966 (Pearson and Endean, 1969) but invasion of 
this reef by large numbers of starfish does not appear to have 
occurred since the hard coral cover in the areas visited in 1970 
Showed no evidence of recent damage attributable to A. planci. 
Some recent coral damage possibly caused by starfish was apparent 
near the reef crest at Hedley Reef but the damage was not 
extensive and no starfish were observed when this reef was 
visited in 1970. 


It is instructive to note that the skeletons of recently 
killed hard corals remaining in situ formed only a minor per- 
centage (usually less than 10%) of the cover of the 26 reefs 
which had not carried large numbers lof “A; planes) dureinsstvhic 
last decade. The dead hard coral which occurred was mainly 
confined to the higher parts of the reef crest, to the tops of 
coral pinnacles lying to windward of the reef crest or in back 
reef areas and to reef flats. These are all regions which may 
be bared to the atmoSphere periodically at times of low water 
spring tides. They are also regions subjected periodically to 
heavy wave action. There was also a slight increase in the 
ratio of dead to live hard coral with increasing depth on some 
of the reefs visited. A higher ratio of dead to living coral 
was normally found in lagoons and on reef flats than on the 
seaward slopes of reefs. 


Alcyonarians were conspicuous among the surface cover of 
the 26 reefs which had not carried large numbers of A. planci 
during the last decade but they accounted for only a minor 
percentage (usually much less than 10 per cent ) of the surface 
cover of these reefs. They tended to occur more commonly in 
lagoons and back reef areas than on seaward slopes. 


Figures reflecting the amounts of dead coral cover on 
reefs which were under attack by A. planci varied depending 
on whether the starfish had been active in the area sampled. 
Of the 82 reefs visited during the period August, 1969 to May, 
1971, 36 reefs were found to be carrying numerous specimens of 
A. planci and on these reefs the starfish were causing obvious 
damage. Starfish densities in terms of the number seen per 20 
minute swim (Table 1) ranged from O to 526 in the areas of these 
reefs sampled. However, it became apparent that normally the 
starfish were not uniformly distributed. Instead, they tended 
to aggregate in particular reef areas. The location of each 
group of starfish was related to the stage of infestation of 
the reef reached and also to the mean size of the starfish. 
During the earlier stages of infestation of a reef the starfish 
tended to be cryptic and nocturnal. Subsequently, when they 
moved onto the reef flat, they fed during daylight hours and 
many were completely exposed at such times (Fie. AGN Sometimes 
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the arms of adjacent starfish overlapped and a coral colony 
became completely enclosed by a mass of feeding starfish 
(Fie. elie Because starfish were not uniformly distributed 
on a reef and because they showed cryptic behaviour at some 
stages of infestation of a reef but not at others, attempts 
to estimate starfish numbers on transects were abandoned. 


Initial infestation of a reef in the region investigated 
appeared to occur at some point or points at the foot of the 
seaward slopes around the perimeter of the reef. At this 
stage starfish numbers were relatively small and coral damage 
was patchy. However, it was possible to follow the trails of 
dead coral left by the starfish, the earlier parts of the trails 
being several weeks old. Indeed, location of the starfish often 
depended upon observing the trail of dead coral as the starfish 
were cryptic at this stage. It is significant that juvenile 
starfish were not found among the early invaders in the deep 
water around reefs. Yamato, Tabias, Mid, Dolphin, Centipede, 
and Tiger Reefs appeared to be at this early stage of infest- 
ation when visited in 1970. 


Apparently the ranks of the early invaders are swollen 
by later arrivals and the starfish begin to ascend the seaward 
slopes of the reef. In July, 1970 starfish were observed in 
deep water around the perimeters of Dip and Coil Reefs but were 
not found in shallow water areas of these reefs. Only in the 
areas where the starfish were observed was there evidence of 
marked coral destruction. At Trout Reef in December, 1969 
large numbers of adult starfish were congregated in water 
about 33 metres deep near the foot of the seaward slopes on 
one sector of the reef. Marked coral damage was confined to 
this sector. When the reef was visited approximately 4 weeks 
subsequently it was noted that many of the starfish had moved 
through distances of several metres up the reef slope. Their 
paths of ascent could be traced readily by the trails of recently 
killed corals which they left behind. Coral damage on other 
regions of Trout Reef examined at the time was slight and no 
adult specimens of A. *planci were observed in these other areas. 
Trails of freshly killed coral which marked the paths of ascent 
of seaward slopes by starfish were observed on other reefs and 
were especially prominent at Glenda and Seeker Reefs when these 
were visited in May, 1971. 


When John Brewer Reef and Lodestone Reef were examined in 
January, 1970 the bulk of starfish and the bulk of coral damage 
were confined to the deeper regions of the seaward slopes around 
the perimeters of the reefs and to the lower parts of the ver- 
tical or near-vertical faces of coral pinnacles. Coral on the 
reef crests, upper parts of the seaward slopes and on the reef 
flats was largely undamaged at this time. By July, 1970 star- 
fish had invaded the upper parts of the seaward slopes at both 
localities and were observed on vertical and near vertical 
faces near the tops of coral pinnacles on the lee side of each 
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reef. At John Brewer Reef adult starfish were observed to be 
eating the coral in the upper 3 m on some sectors on the wind- 
ward side of the reef despite exposure to wave action. 


in October, 1970 large numbersvofh A. planci}wenevobserved 
attacking corals on the seaward slopes of Glow Reef. By 
January, 1971 they had killed the bulk of the coral on the 
Slopes and were congregated on the upper parts of the seaward 
slopes mMear the reef edge 7) in October, 1970) Ae plancatawas 
observed attacking corals on the vertical and near vertical 
seaward slopes of Grub Reef. By January, 1971 destruction of 
corals on the seaward slopes was well advanced and adult star- 
fish were concentrated near the reef edge. 


After killing the bulk of coral on the seaward slopes 
around the perimeter of a reef the starfish may invade the 
reef flat in very large numbers. In September, 1969 a large 
herd of starfish was encountered on the reef flat near the 
sand cay at Taylor Reef. The herd appeared to be completing 
the destruction of thick beds of branching acropores. Twelve 
months later it was found that most of the dead branching 
corals in the shallow water near the cay had been broken to 
form piles of rubble. In July, 1970 very large numbers of 
starfish were observed to be massed on the reef flat at Slashers 
No.1 Reef. The main group occupied an area of several thousand 
square metres. It was surrounded by smaller groups of starfish 
and other groups of starfish were observed to be moving into 
the area from the north and the west. <A second visit two weeks 
later revealed that the centre of the main group was about 
200 m to the south of its previous position. Starfish occurred 
on the reef flat at densities as high as 15 per square metre 
over thousands of square metres. Areas of coral which were 
alive but in the path of the feeding starfish at the time of 
the first visit were dead at the time of the second visit. 
The trail of «dead corals Left bythe migrating isizartashy hends 
could be followed readily. It extended northwards for at least 
800 m. Freshly killed coral in the vicinity of the feeding 
starfish was stark white while skeletons to the north showed 
progressive fouling by algae. 


When the bulk of hard corals on a reef flat have been 
killed starfish move back into deeper water. In early 1970 
large numbers of A. planci were observed moving across the 
devastated reef flats to the reef edges of Bramble Reef and 
Trunk Reef. However, adult starfish do not usually invade the 
reef crest area or the tops of coral pinnacles and reef flats 
subject to emersion at low tide. For example, although large 
numbers of starfish caused almost total destruction of hard 
corals on the seaward slopes of Lodestone Reef, adult starfish 
departed from the reef in 1970 without invading the reef flat 
to any great extent. 


Infestation of some outer patch reefs may follow a 
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different course. Large numbers of juvenile starfish and a 

few adults were found on some coral pinnacles in the lee of 
Nathan Reef in 1969 and 1970 but invasion of the seaward slopes 
or reef flat had not occurred. The juveniles were confined to 
shallow water. A few juveniles but no adults were found in 
shallow water at Birthday Reef in 1969. In this connection it 
should be noted that small juvenile specimens of A. planci were 
found only in shallow water near reef crests and on the tops of 
coral pinnacles despite intensive searches for them in a variety 
of habitats. Data on size frequencies of starfish in population 
samples taken from nine reefs are incorporated in Table 4 and in 
Biss) 3,7 19,-and 20. 


Fig. 18 A shows the size structure of an A.o pLanici popu= 
lation consisting entirely of juveniles found on the reef crest 
of Slashers No.4 Reef in January, 1971. Their mean size would 
indicate that they were approximately 12 months old (Pearson 
and Endean, 1969). Fig. 18 B shows the size structure of a 
population sample of juvenile A. planci taken from the reef 
erest at Glow Reef in January, 1971 and the structure of a 
sample of A. planci taken from the seaward slopes of Glow Reef 
at the same date. Obviously the small juveniles tend to keep 
together during their first year. 


Figs. 18 C and 18 D show the size frequency of two samples 
of a population of A. planci associated with a large coral 
pinnacle ina back reef area at Nathan Reef. The first sample 
was taken in September, 1969 and the second in January, 1970. 
It was noted that the larger starfish in each sample occurred 
in deeper water around the perimeter of the pinnacle but unfor- 
tunately records were not kept of the exact sites from where 
representatives of each size group in the population sampled 
were collected. It was of interest that other coral pinnacles 
in the area which were examined carried few or no starfish and 
the infestation observed appeared to be a localized one. 


According to Pearson and Endean (1969) juvendie) A. mpilanc a. 
grow at the rate of about 1 cm per month. However, it is not 
known whether this growth rate is maintained after the end of 
their second year when most probably mature. Strong domination 
by certain size groups and apparent year groups characterizes 
the populations sampled at Big Sand Cay, Bramble Reef and 
Slashers No.1 Reef (Figs.19 ACHP However, different year 
groups could be represented and are almost certainly represented 
tna tages iO) Dew als). -2O0O0Av and bass 2ZON Bee Imndecds small) juvenvtes 
are a Goa in the population sampled from Trunk Reef (Fie. 

ZOn Bic 


The fact that starfish were observed to be aggregated on 
reefs during all seasons of the year rules out the possibility 
that the starfish aggregations are breeding aggregations 
(Pearson and Endean (1969) have shown that A. planci breeds 
during the summer months). 


During this survey 22 adult and two large juvenile 
specimens of the giant triton (Charonia tritonis ) were found 
(Migsiu 2A and 22»). All except two were lying fully exposed 
among corals when found (Table Bi They occurred on windward 
and lee sides of reefs and in lagoons. Five specimens of 
C. tritonis were eating A. planci when encountered. Four of 
the A. planci specimens were large juveniles about 20 em in 
diameter, the other was adult. Two tritons were eating holo- 
thurians when found. One large recently dead specimen of C. 
tritonis was encountered. Its shell was intact but its flesh 
was putrefying. The cause of death was not ascertained. 


Pieces of discs and arms from adult specimens of A. planea 
which had been recently killed and torn apart were observed at 
Broadhurst Reef (two specimens), John Brewer Reef (one specimen) 
and Slashers No.4 Reef (two specimens ). A large hump headed 
wrasse (Cheilinus undulatus) was observed mouthing a macerated 
Specimen of A. planci at Slashers No.4 Reef but it is not known 
whether the wrasse had seized and dismembered the starfish 
aLiMal walLe@uL Ly 


DISCUSSION 


This study was hampered by the great extent of the region 
of the Great) Barrier Recta whieh whas sibcenmainke civecis big cite tyor. 
planci infestations and hence warranted detailed investigation. 
It was hampered too by the small number of personnel involved 
and by the limited period of time (a few hours) which could be 
spent on each of the many reefs visited, most of which were 
several square kilometres in extent. All of this restricted 
the amount of quantitative data which could be obtained. More- 
over, numerous difficulties attend attempts to carry out quan- 
titative transect work on coral reefs. Some of these difficult-— 
ies have been discussed recently by Stoddart (1969). In parti- 
cular, because of the variation in growth form assumed by dif- 
ferent coral colonies the accuracy of methods involving quadrats 
in the sampling of the percentage area of reef surface covered 
by each major category of reef cover may well be questioned. 
Inevitably, the projection onto a flat surface (film) of the 
images of corals which branch extensively in all planes from 
the point of attachment gives rise to problems if the projection 
is used to assess the extent of the reef surface covered by 
corals. Furthermore, some corals such as the common plate coral 
Acropora hyacinthus tend to grow out on a tubular "stalk" from 
the region of attachment before expanding to form a "plate" in 
a horizontal or near horizontal plane. When photographed from 
a point at right angles to a reef face these corals usually 
appear to occupy a much smaller area of the reef surface if they 
grow out from a vertical or near vertical reef face than is the 
case when they arise from a horizontal or near horizontal reef 
Then too, the sampling frequency along the transect line when it 
is placed on parts of those reefs where seaward slopes are steep 
requires detailed study in order to select an optimal frequency 
for subsequent statistical analysis. 
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Likewise, the optimal number of stations for transect 
work that should be set up on a coral reef of mean size for 
the region of the Great Barrier Reef visited if the surface 
cover of the reef is to be satisfactorily sampled has still 
to be determined. It will be appreciated that the limited 
amount of time which could be spent on any reef during the 
present investigation prevented the establishment of an adequate 
number of sampling stations. In view of all this the transect 
data obtained could not be used to provide accurate estimates 
of the surface cover of any of the reefs visited. Indeed, if 
reliance were placed solely on such transect data the estimates 
obtained could be misleading. However, the transect data 
obtained enabled checks to be made at particular reef sites on 
visual estimates of the total coral cover and of relative amounts 
of dead and living coral in the total coral cover. Much greater 
areas of reef were viewed when visual estimates were being 
obtained than were involved in the transect work undertaken 
thereby enabling a better assessment of the overall picture at 
each reef visited to be made. 


Aithough the degree of accuracy which could be attained 
when making visual estimates is limited, difficulty was rarely 
experienced in referring visual estimates of total coral cover 
and of the extent of recently killed coral in the:.total coral 
cover of a reef to appropriate categories among those illust- 


rated in Figs. 4-9. Particularly was this so with visual 
estimates of the extent of recently killed coral in the total 
coral cover. Indeed, it emerged from the present study that 


on those reefs or areas of reefs investigated which are as yet 
unaffected by the feeding activities of A. planci the number of 
Skeletons of recently killed hard corals remaining in situ 
normally constitutes a minor percentage (certainly less than 
10%) of the total coral cover. In fact, dead coral skeletons 
Snob uUPwicreynarely seen ony theysicaward: stopes of) those reeks 
visited which have not been invaded by A. planci. The marked 
increase in the percentage of coral skeletons sid Shey Only Needs 
whch have Ween anwjaded ny) Ass pillancig as apparent from analysis 
of the figures given in Table 2 and from the visual estimates 
listed in Table 1. Although the proliferation of soft corals 
which follows destruction of hard corals in some reef areas has 
masked, to some extent, the actual magnitude of the destruction 
which has occurred in many areas, particularly sheltered areas 
of inner patch reefs devastated during the mid 1960's, the 
results obtained are unequivocal. On the reefs visited which 
had@alveady been anvaded by A] plane 2b as) apparent “that 
massive destruction of hard corals has occurred and that living 
hard corals now form a remarkably small percentage of the total 
reef cover. Precise figures for the extent of the hard coral 
coverwcll ied, byy A.) (planes jon theyreeks vane not) available put 
the new data obtained support earlier estimates made by Pearson 
and Pndean (1969) that thie! preatynagonity lot hard corals jon 
uheser eens jhavye been et kaiived sbywAe panei. indeed, there (a's 

no question that almost every coral colony in an extensive area 
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of reef under attack by large numbers ‘of /A™ pillanca’ can be 
killed by the starfish ina short period of time. Such des- 
truction has been witnessed and photographed at the reefs of 
the Slashers complex for example. There is also no doubt that 
a massive destruction of corals owing to the feeding activities 
of A. planci can occur over a whole reef. Such destruction was 
observed, for example, to occur within a few months at John 
Brewer Reef after the reef had been invaded by large numbers 

OF -Sitamiaish. 


Available information would indicate that the bulk of the 
hard corals on many reefs of the Great Barrier Reef investigated 
was killed within 2-6 years after large numbers of starfish were 
observed on the reefs. Many factors would influence the rate of 
destruction of the corals at a particular reef. However, as a 
reef of mean size in the area investigated normally carries many 
square kilometres of coral and as each adult starfish kills about 
6 sq m of coral per year (Pearson and Endean, 1969) it is appa- 
rent that tens of thousands of adult starfish must be involved 
in the destruction of coral at each reef. 


On some reefs such large numbers of A. planci were undoubt- 
edly present. Densities as high as 15 adult starfish per sq m 
over an area of several thousand square metres have been observed 
(and photographed). However, it has become apparent that the 
location of feeding starfish and, to a large extent, the degree 
of aggregation of starfish are dependent on the stage of infes-— 
tation of a reef reached and on the distribution of corals, 
particularly acropores, on the reef. Because of this the data 
on starfish densities obtained at sectors of each reef examined 
(particularly those obtained during transect work involving only 
small areas of reef ) cannot be extrapolated to give figures for 
the density of starfish over the reef as a whole. Also, it 
would be easy for divers, even divers experienced with A. planci, 
to visit briefly a portion of a reef which was devoid of starfish 
and to miss completely large concentrations of starfish present 
on other areas of the same reef. Then again, once they have 
killed the bulk of corals on a coral reef (except those in very 
Shallow water on reef crests and the tops of coral pinnacles) 
adult starfish depart from the reef. It may have been the 
operation of factors such as these which caused Weber and Wood- 
head (1970) and Vine (1970) to underestimate seriously the extent 
and severity of the starfish infestations of reefs in the central 
region of the Great Barrier Reef. 


Pearson and Endean (1969) have arbitrarily selected a 
figure of 40 starfish seen per 20 minute swim as constituting 
an infestation. This figure is arrived at by making certain 
assumptions. The first assumption is that in one year a 25% 
kill of hard corals in an area completely covered by corals is 
Significant. The second assumption is that an adult starfish 
kills about 6 sq m of coral per year. The third assumption is 
that 1000 sq m of reef can be examined in 20 minutes by a diver. 
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It is possible that the figure of 40 starfish seen per 20 minute 
Swim as an indicator of an infested reef may be set too high. 
The hard coral cover of a reef would rarely exceed 50% of the 
total reef, cover. Then again, .Chesher (1969) maintained that an 
adult A. planci killed about 12 sq m of coral per year. More- 
over, A. planci tends to be cryptic during the early stages of 


invasion of a reef, normally hiding during the day. T. Brown 
(personal communication) has counted 22 adult starfish hidden 
beneath one large tabular acropore. ny Wie we Ot sald. thas. at t) 2s 


of interest to note that Chesher (1969) has selected a figure 
of 20 A. planci seen per 20 minute swim as indicating the, poss-— 
ible existence of a starfish infestation. This raises the 
question of the manner in which reefs become infested by 
starfish. 


The available evidence indicates that large numbers of A. 
planci appeared suddenly on those reefs of the Great Barrier 
Reef which have recently become infested by the starfish. Two 
mechanisms can be invoked to account for the sudden appearance 
of A. planci on. these reefs. One mechanism involves the carriage 
of large numbers of pelagic starfish larvae to a reef by currents, 
the other involves the migration of starfish across the sea floor 
from one reef to another. It seems likely that juvenile starfish 
settle principally in shallow water near reef crests and the tops 
of coral pinnacles. Certainly these were the only regions where 
juvenile starfish were found during the present investigation 
despite an intensive search for them in a wide selection of the 
major habitats provided by a coral reef. Only rarely were large 
numbers of juvenile starfish found on a reef in the apparent 
absence of substantial numbers of adult starfish on the same 
reef. Indeed, of the reefs visited only Nathan Reef appeared 
exceptional in this regard. At this locality large numbers of 
juvenile starfish were present on the tops of a few coral pin- | 
nacles in the lee of the main reef which appeared to be free of 
A. planci. However, a few large adult starfish were found in 
deeper water around the pinnacles carrying the juvenile starfish 
and the juveniles could have been the progeny of these adults. 


On the other hand, large numbers of adult starfish were 
found on some reefs which appeared to be free of juvenile star- 
fi Sheet eispsarna ticant thatjani taally the adult starhich,on 
these reefs were found principally in the deeper water around 
the peripheries of the reefs and that the bulk of the coral in 
Shallow water on such reefs showed little damage which could be 
attributed to A. planci. Indeed, the weight of evidence obtained 
during the present investigation indicates that those reefs which 
have recently become infested by starfish have been invaded by 
adults which have migrated to the reefs across the sea floor. 

The invasion pattern would appear to involve the following 
sequence of events. Adult starfish arrive at one or more points 
at the foot of the seaward slopes around the perimeter of a reef. 
As numbers of invaders increase and the coral in the deeper water 
around the perimeter of the reef is killed the starfish ascend 
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the seaward slopes of the reef. Initially, the adult starfish 
tend to avoid shallow reef areas exposed to wave action and they - 
move peripherally around the reef following the contours of its 
seaward slopes. Amalgamation of groups of feeding starfish 
becomes more pronounced as coral destruction increases. Even-— 
tually coral on the reef edge is attacked and the starfish may 
then move onto the reef flat and the tops of coral pinnacles, 
hunger probably overcoming their erstwhile photonegative 
behaviour. Very large herds of migrating starfish are 
frequently seen during the day by the casual observer at this 
stage. When the bulk of the available coral has been exhausted 
the migrating starfish then move into deeper water and depart 
from the reef. 


Normally, large numbers of juvenile starfish appear ona 
reef subsequent to the arrival of large numbers of adults on 
the reef and it is probable that the juveniles are the progeny 
of the invading adults. A. pillaneci breeds only during the summer 
months and it would seem that the extent of the participation of 
juvenile starfish in destruction of coral at a particular reef 
would depend upon the season when adults invade the reef as well 
as on the rapidity with which the adults kill the reef's coral. 
This, in turn, depends on the number of adults present and the 
amount of coral present (assuming that the adults feed ata 
constant rate throughout the year). It is significant that 
juvenile starfish are found in shallow water on the reef crest 
and on the tops of coral pinnacles, regions normally avoided 
by adult starfish. 


Recent charts of the region of the Barrier Reef lying 
between Lat. 16° 34" S. and 19° 20' S. (the region embraced by 
the present survey ) show the positions of approximately 150 
recognizable reefs (fringing reefs of mainland islands are 
excluded). Of these 150 reefs 82 were visited between August, 
1969 and May, 1971. Another 8 reefs in the region (Oyster, an 
unnamed reef at Lat. 16° 39' S., Elford, Briggs, Maori, Scott, 
Stevens, and Rib Reefs) were visited during 1966-1968 by Pearson 
(Pearson and Endean, 1969). These 90 reefs visited include all 
the larger reefs in the region. Most of the remaining 60 are 
very small. A study of the results of Pearson and Endean (1969) 
will reveal that by December, 1966 most, if not all, the inner 
platform reefs between Michaelmas Reef (Wats 16° 34! S 1) and 
Beaver Reef (Lat. 17° 51! Shy) were already heavily infested with 
starfish. By 1970-71 starfish were absent from these reefs and 
the bulk of the hard corals present on these reefs appeared to 
have been killed by the starfish. As evidenced by the paucity 
of living hard corals and the abundance of skeletons of recently 
killed corals still an situ destruction ‘of ‘conalis® had been 
extremely heavy and in many cases was almost total. Further to 
the south, Otter Reef and Rib Reef were at least partially 
infested by the end of 1966 (as was the fringing reef at the 
Paim Islands) but, as far as can be ascertained, other patch 
reefs south of Beaver Reef carried few or no starfish at the 
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end of 1966. None was seen at Britomart Reef and John Brewer 
Reef and only 2 specimens at the reef complex known as The 
Slashers and 2 specimens at Trunk Reef when these were examined 
at the end of 1966 (Pearson and Endean, 1969). John Brewer Reef 
and Lodestone Reef were both free of starfish in 1968 (T. Brown, 
personal communication). Britomart, John Brewer, Lodestone, 
Trunk and the reefs of the Slashers complex all carried starfish 
in plague proportions during 1969 and 1970. Other reefs still 
further to the south were observed to be invaded by starfish 
during 1969, 1970 or 1971 as were some of the outer patch reefs 
(Trout, Josephine, Big Sand Cay) east of Otter Reef during 

this period. 


In general there appears to have been a southward spread 
of the starfish plague to inner patch reefs between Lat. 18° S. 
and 199 S. and to many outer patch reefs between Lat. 17° S. 
and 192 S: during the latter half of the 1960's. On some reefs 
lying in these regions such as Yamacutta, Taylor, Beaver, John 
Brewer, the reefs of The Slashers, Lodestone, Britomart and 
Bramble, the bulk of the hard coral cover had been killed by 
early 1971 and it can be expected that these reefs will be 
free or vitually free of adult starfish in the near future. 
Indeed, starfish numbers have already declined markedly on some 
of these reefs (e.g. Taylor, John Brewer, Lodestone, reefs of 
The Slashers). Othemyne aks psucin jasmGdlow),\yGrsub .eDap,, Cos Ivand 
Keeper have only recently come under attack by large numbers of 
A. planci and areas of rich growths of living coral still 
remained when these reefs were last visited. 


It would appear that starfish invasions of Centipede, 
Dolphin, Yamato, Tabias, Tiger, Pollux, and Mid Reefs had just 
begun in August, 1970 and it is possible that most of the reefs 
between Lat. 19° S. and 20° S. will come under attack by star- 
fish during the 1970's. Twenty-six of the 90 reefs visited in 
the area surveyed were free of starfish and the condition of 
their hard coral cover would indicate that they had not been 
invaded by large numbers of A. planci in recent years. However, 
some of these reefs are near reefs already infested and it is to 
be expected that invasion of some of these reefs iS imminent. 


Of interest was the finding that some of the outer patch 
Feers Haine anecdonmbeuweenmLaitpa loom So uese anda i9SNS. sweme 
still free of starfish in 1970 and 1971. In some cases the 
lagoons or back reef areas of the outer patch reefs had been 
invaded but the seaward slopes on the weather sides had escaped 
infestation. Adult» A. planci appear to avoid areas exposed to 
heavy wave action and this may provide an explanation for the 
Virtual sapsencesoi Ae plancas nom sone om Thewourer, palich) teers). 
It is also of interest that, with one apparent exception, 
juvenile starfish are not present on these outer patch reefs 
even though some of them are close to reefs which carry or 
canned slhargeymumbers)) of) —Ar yollanca, 


Some information was obtained about predators of A. planci. 
Charonia tritonis, a formidable predator of the starfish 
(Endean, 1969) was found among coral on seaward slopes and on 
coral pinnacles in lagoons. Because of its large size, its 
characteristic shape and colouration and because it usually lies 
completely exposed among corals, the giant triton is readily 
detected by experienced divers. In view of this, the fact that 
only 24 specimens were encountered during visits made to 81 
reefs would indicate that C. tritonis is a somewhat rare species, 


at least on the reefs visited. Pive of the giant tritons seen 
were feeding upon specimens of A. planci and two were feeding 
upon holothurians when found. it) aewoftanteres pi ithati/eroaenae 


specimens of A. planci being eaten were large juveniles about 

20 cm in diameter. Possibly A. planes rof/ this (size are preferred 
by the tritons. No juvenile Charonia tritonis less than 14 cm 

in length were encountered. 


Not a single specimen of the giant helmet, Casis cornuta, 
a possible predator of A. planci (Endean, 1969) was encountered 
during the trips to 82 reefs. It is known that shell collectors 
have found giant helmets in the lagoons of two of the reefs 
visited (Sudbury Reef and Taylor Reef ) in recent years. 


While the hump headed wrasse was not observed to seize and 
dismember A. planci one large specimen of this fish (the species 
attains a length of approximately 2 metres ) was observed mouthing 
fragments of a specimen of A. planci. It is possible that this 
species is a predator of A. planci. 


No information pinpointing the causes of the A. planci 
plagues in Barrier Reef waters was obtained during the investi- 
gation. Indeed, the initial causes of the population explosions 
of A. planci may no longer be’ operative. However, a study ‘of 
the results of the earlier investigation (Endean, 1969; Pearson 
and Endean, 1969) in conjunction with a study of those of the 
present investigation suggest that the starfish infestations can 
be traced back to several foci--accessible inner platform reefs 
near the major centres of human population on the coast of 
Queensland between Cooktown and Townsville. If the Great Barrier 
Reef starfish plagues did begin on these accessible reefs it is 
possible that the plagues are man-induced. A release of predator 
pressure on adult and large juvenile starfish as a result of 
intensive collecting of Charonia tritonis by shell collectors 
operating on accessible reefs could have triggered the plagues 
as suggested by Endean (1969). Cy tritonism is al predator of 
high trophic status and can be regarded as a keystone species 
in the sense used by Paine (1969). It is possible that other 
factors could have contributed to a decline in numbers of C. 
tritonis. For example, toxic residues from pesticides or other 
pollutants emanating from centres of human population on the 
Queensland coast could have accumulated in the tissues of speci- 
mens of C. tritonis until levels which were lethal or levels 
which interfered with reproduction were attained. Also, it is 
possible that factors other than a reduction in numbers of C. 
tritonis on accessible reefs could have triggered the plagues. 
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Whatever the causes of the increases in starfish numbers 
on accessible reefs near major centres of population on the 
Queensland coast between Cooktown and Townsville, it would 
appear that the increases occurred almost simultaneously on 
those reefs during the early 1960's. Subsequently, as food 
supplies on these reefs became exhausted, adult starfish 
migrated from these initial centres of infestation to adjacent 
reefs. This process has continued throughout the last decade. 
It is apparent that massive damage to the corals of most reefs 
in the region of the Great Barrier Reef investigated (the 
region between Lat. loo G4 S-t and. 19° 20" Si) during the 
present study has already occurred. Also, it would seem likely 
that similar destruction has been caused to the coral cover of 
most reefs in the region of the Great Barrier Reef lying between 
Lat. 15° 18! S. and 16° 34! S. where starfish infestations were 
reported earlier (Pearson and Endean, 1969). It is possible 
that migrating starfish could encounter unfavourable conditions 
on the reefs now being invaded and that the starfish plagues 
will attenuate during the 1970's. However, no evidence for 
the occurrence of such an attenuation has so far been obtained. 
On the contrary, additional reefs of the Great Barrier Reef 
are coming under attack and a recruitment of juveniles to the 
We) Planes populations of at feast some of the reefs currently 
under attack is occurring. Obviously, measures should be 
adopted to control the starfish plagues while their causes 
are investigated and their probable consequences assessed. 
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QUEENSLAND 


1 Map of Queensland and the Great Barrier Reef. The shaded area 
represents the region of the Great Barrier Reef affected by the 
A. planci plagues. 
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2 Map of portion of the Great Barrier Reef showing the positions of 
some of the reefs visited during the present investigation. The 
positions of 8 reefs referred to in this paper but not visited 
during this investigation are also shown. 


\Gxtolam 
/ 


INNISFAIL e@ 
l 
Ge ak 


Hall- Thompson HA) 


‘<40) 
Adelaide 
Siar 


Ellison R¢ CG 
ad Potter Rp. Is 


Eddy Hy Cw 
co Far uharson RF. 
ee oS a : > 
u Ohylor Re. i= 


Yo ap 
+\ is 
ab Zi bis gratia O-- 6 
ON No. teats RF. 
\ 
: ite aes 2 


‘ 
‘ 2 


"Glow RE. y 


@QDip 
\ 
@ Gil Rf. 


John Brewer RF. Oo 


\ 
Lodestone RF. © 
\ 


3 Map of portion of the Great Barrier Reef showing the positions of 
the remainder of the reefs visited during the present investigation 
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Uf Portion of back reef area west of sand cay at Beaver Reef 
illustrating sparse hard coral cover (December, 19°70): 


5) Portion of seaward slope on south-east side of Glow Reef 
illustrating moderate hard coral cover (January, 1971). 


Portion of seaward slope on north-east side of Potter Reef 
illustrating dense hard coral cover (May, 1971). 


Portion of seaward slope on east side of Coil Reef 
illustrating low damage to hard corals caused by A. planci. 


Portion of seaward slope on west side of Trout Reef 
illustrating marked damage to hard corals caused by 


A planes “AY Specimen os A.) plancruriom aves lio lkomiderctrly 
the centre of the photograph rpoeenb ote 1969). 


Portion of seaward slope on east side of John Brewer Reef 


illustrating heavy damage to hard corals caused by A. planci 
(January, 1971). 
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al 


Living tabular acropores on reef crest on north side of 
Broadhurst Reef (October, 1970). 


Skeletons of tabular acropores killed by A. planci on seaward 
slopes on north side of Broadhurst Reef (February, 1970)": 
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We 


Photograph of quadrat in position on seaward slope at northern 
tip of Lodestone Reef (July, 1970). Analysis of reef cover in 
quadrat yields 26.3% LHC, 37.3% DHC, 0% SC and 36.4% ADS. 


Massed specimens of A. planci underlying part of a quadrat on 
the reef flat at Slashers No.1 Reef (August, 1970). 


14 


i) 


Soft coral cover on reef flat near sand cay,at Taylor, Reef 
(May, 1971). 
soft coral cover on reef flat near sand cay at Taylor Reef 
(May, 1971). 


16 Large numbers of A. planci on hard corals on reef flat at 
Slashers No.1 Reef (August, 1970). 


17 A colony of staghorn coral almost completely enveloped by a mass 
of feeding Ay  planci au otasivensh Nowe cis (August, 1970). 


"OL*L* Le UO sooy UeYyyeN 
12 eore joor yoreq oy} UT eTOeUUTd TerTOS e worg eTdwes uotye{[ndog ‘qd 
°69°6°9¢ UO Jooy uUeYyyeN 
4e eore joor yoeq oy} UT eTOeUuUTd TerT09 e worz oTdwes uotyetndog °p 
‘oedotTs joor oy} wWorZF ToeputTewmer oy. ‘}4SeTD JoorT oY} UO pezJOSTTOSO 
oIOM WU OZI-OZ eSuUeT eZTS 94} UT sueUTOedS ‘“1LZ°1L°gg UO foo9y MOTH 
jo 3see yinos edotTs pizemMeses pue JSseTO foor wors oTdwes uotzeTndog *g 
"iZ°L*Le uo jgooy f°ON sStoyseTS 7e JSsetTO Joor worg eTdues uot4yeTndog “Vy 


-ToueTd *y jo suotyzetndod jo setouenbery ezts sutmoys sydeip gl 


(WW) azsawvia (WW) saiawvid 
Seen Wer PKRKEaKWHKHKHHKHNHNWHDNND @= = = = = 
Be eS Gao ao hb Oe ae NO eo BW O©CmMmOhNOBAOPNHNOMAFNOBRASLNORO SAWN 
br = = == = = ecooeoeoeoeoeeoeoeoeooOeo eo eae oO eC oO oO eo oO 8 8 


YIGWOAN 
“ o 
Co) 
YIGWAN 


Ot 


, J : 


oy 4 


UWIAWAN 
YWATWON 


jyooy ysanypeorg Jo dt, uszeyzrou ‘edoTs premess mors etTdues 
"GOrclae) WO Jeo oC Trduesa 4e@ woose,T JO epts Sem WOTT etTdues 
58-4 UW JOCU son SIOUSETS 2e ETF FOr O44 wory oe Tdues 
eG Og Ul SIOd Aeg pues Stg je eote goor youq wors etTdues 


04-61 suo 
uot zeTndod 
uot e[ndog 
uot1etTndod 
uot erTndog 


amoa 


"Touerta *“y jo suot zetndod jo soetouenbergy ezTS sUTMOYS sydery 


dagWNaN 


(ww) waLawvia 


yISWN 


ALaIWvIG (ww) BALAWYIG 


61 


z 
Ee 
= 
® 
bal 
n 


DAdWAN 


"69°SL°t1 UO Jooy YunNIL fo reur09 

4sem Yanos ‘edoTs pazemeos pue 4sert0 joor worz oeTdwes uotye{[ndog °g 
SO 7G 20ce ZO 

yeoy euoysepoy fo dry useyz10u ‘edoTs piemess worg etTdues uotz,e,tndog “Vy 


*Touetd *y jo suotze{tTndod jo saetouenbery ezts Sutmoys sydery OZ 


(ww) xaLawvia 
ur Pek KWH HWWHNNNHNN HK HK FA HK = 
COorFNHOMRHEFNOMRAGAAENODAHAFNODBA FN 
coooooeoaeoaoeaeoeaaea coo oo oo 8 8 CO 8 


NUMBER 


se 


Ov 


NUMBER 


21 


Pe 


- 
7 


The giant triton, Charonia tritonis, approaching a specimen of 
A. planca whach as feeding onja tabular acropore av Wodesitonies Re 


(May, 1970). 


Charonia tritonis captured while eating a specimen 


of Ay Spillane al 
at Nathan Reef (January, 1970). 
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Figures (following p. 14) 


Map of portion of the Great Barrier Reef lying off 

the east coast of Queensland, Australia. The names 

and positions of reefs visited during the investigation 
are shown. 


The white exposed skeleton of an acropore colony which 
had just been killed by Acanthaster planci (Slashers No.1 
Reef; August, 1970). : 


The white exposed skeleton of a colony of a species of 
Platygyra which has just been killed by specimens of 
Acanthaster planci visible to the left of the colony 
(Slashers No.4 Reef; January, ou) le 


The skeleton of a branching acropore believed to have 
been) killed) some weeks earlier when Taree numbers of A: 
Plane, via ed | this mer lonm Ot tlie eek atokae vat lay Lot Reet. 
Dark filamentous algae cover much of the skeleton 
(january, 1970) . 


thevalesals covered skeleton lof a massive coral believed 
to have been killed by A. planci some months previously 
(lagoon, Yamacutta Reef; May, (9710) 


Portion of the reef face on the seaward slope at the 
eastern side of John Brewer Reef showing the algal 
covered skeletons of tabular acropores and other corals 
Sibi nn Se Ub (January, WOW Ae Large numbers of A. 
planci w were active in the area in 70% 


Smashed skeletons of acropore colonies on the seaward 
slope, eastern side of Hall-Thompson Reef (May, TOI). 


Large numbers of fish aggregated in the vicinity of one 
of the few large acropore colonies which had survived 
The A. Planet) hi VvastOns) Of) Tne Teak hai aed done fs 
No.4 Reef (January, 1971). 


Pargt jot cay damasedicollonyicom a species (of) Acropora, )) inivang 
tissue has been stripped from the bulk of the skeleton 
which is covered with dark algae. Surviving polyps are 
present on the tips of two branches which are free of 
eae algae (reef Pilate slaskhers Woe Reef; January , 
Ova ye 
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tS 


14 


itty 


16 


Ug 


18 


19 


20 


Partially damaged colonies of staghorn acropores many of 
which have collapsed owing to fracture of regions of the 
skeleton from which living tissue had been removed some 
months earlier apparently by A. planci (north side, 
seaward slope, McCulloch Reef; July, A) 


The white freshly exposed skeleton of jofelians (je ielalslis) 
maSSive coral colony marks the passage of a feeding A. 
planci (Slashers No.4 Reef; January, 1971). 


Two partially damaged colonies of a species of massive 
coral (probably Leptoria phrygia). Damaged portions 
are covered with black fouling algae (Yamacutta Reef ; 
May, 1971). 


Portion (of a damaged .ecollony of jaysipe cites gol slavetar. 
Living coral polyps are visible on the left side of the 
colony. The living tissue had been removed from the 
Hetlathder ois be) (Colonye Sever alle mi Om G ls sie cites SIke tenn lOyay ate 
lanci which is known to have been active in the area 
(Scat slope, Hall-—-Thompson Reef; May, OTe 


A damaged colony of a species of Porites showing colonies 
of alcyonarians growing on part of the exposed skeleton 
of the colony (south-east side, seaward slope, Green 
Island Reef; November, 1970). 


sott corals srowine on vues ske Metons Jo times tie Sisytlorts 
hard corals believed to have been killed by are: lanci 
about 1966 (northern tip, Feather Reef; July, AOD 


Colonies of soft corals forming a carpet over coral 
skeletons lying on floor of west side of lagoon at 
Taylor Reef (May, TOWAG) re Starfish are uoWal to have 
been active in the area in 1969. 


A patch of a green species of Turbinaria partially 
enclosed by a quadrat frame photographed on the south- 
eastern side, seaward slope of Green Island Reef 
(November, OZONE 


A recently settled colony of Acropora humilis on a 
"clean" reef surface (back reef area, Ellison Reef; May, 


1O 7d) 


A colony of a species of Acropora estimated to have 
settled in 1968 or 1969 on the seaward slope, north side 
of McCulloch Reef. The colony is surrounded by algae 
(July, 1971). 


A tabular acropore skeleton carrying a recently settled 
colony of Acropora hyacinthus is shown near the centre 

of the photograph. Soft corals cover other hard coral 
skeletons in the foreground. Starfish were active in the 
area in 1966 (northern tip, seaward slope, Feather Reef; 
November, 1970). 


21 
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23 


et: 


Portion of a branch of an acropore colony being attacked 
byea ispecincn of VAL plancs. The basal ‘portion of the 
branch (to the left) was algal covered and was considered 
to have been stripped of living coral tissue by starfish 
some months earlier (reef flat, Slashers No.4 Reef; 
January, 1971s 


Peeopociiien Of 7k. Ep LanClwativackin=s part Of thie nedse (of) va 
tabular acropore which had survived earlier devastation 
of the rest of the colony and had continued to grow 
(Taylor Reef; January, 1970). 


The white, freshly exposed skeleton of portion of a 
colony of a species of Platygyra which had survived the 
earlier destruction of the remainder of the colony. The 
remainder of the colony is covered with dark algae and 
is estimated to have been killed some weeks earlier 
probably by A. planci (reef alate Slashers No. teReet > 
January, 17 
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1 Map of portion of the Great Barrier Reef lying off the east 
coast of Queensland, Australia. The names and positions of 
reefs visited during the investigation are shown. 


THE APPARENT EXTENT OF RECOVERY OF REEFS OF AUSTRALIA’S 
GREAT BARRIER REEF DEVASTATED BY THE CROWN-OF-THORNS STAR- 
FISH 


by R. Endean and W. sania” 


ABSTRACT 


Visits were made to 21 reefs of the Great Barrier Reef 
lying between Lat. 16° BOM So -ariae! 19° S. A massive destruction 
of the hard coral cover of most of these reefs had occurred 
during the 1960's as a result of the feeding activities of very 
large numbers of the coral predator Acanthaster planci. The 
extent, rate and manner of recovery of these reefs were studied. 


Coral colonies growing in shallow water exposed to heavy 
wave action had survived the starfish invasions but elsewhere 
the amount of surviving hard coral was remarkably small. 
Colonies of Millepora had survived and these and surviving 
colonies of Pocillopora and Turbinaria had spread: over 
surrounding areas and occurred in patches on some reefs. The 
skeletons of corals killed by A. planci remained in situ but 
rapidly acquired a coating of fouling algae. Portions of some 
coral colonies survived and continued to grow but the living 
coral tissue did not appear to spread over damaged parts of 
the colonies, the exposed skeletons of which acquired a coating 
of algae and other organisms. Subsequently exposed acropore 
skeletons frequently fragmented. Fragmented skeletons and 
skeletons stil tna situ were frequently covered by Soft ‘corals 
which spread rapidly over large areas of the devastated reefs. 


Although 4 - 8 years had elapsed since A. planci was 
active in many of the reef areas studied, recolonization by 
hard corals was generally slight and species diversity among 
the recolonizers was low. The extent of recolonization by 
hard corals in the reef sectors studied appeared to be 
inversely related to the extent of coral destruction caused by 
the starfish. Many of the recolonizing corals had settled on 
acropore skeletons which will ultimately crumble and the 
recolonizers will be lost. It is apparent that recovery of 
devastated reefs will be a prolonged process and the presence 
of residual starfish populations on some reefs raises the 
possibility that many reefs may remain impoverished indefinitely. 


i ae Set el of Zoology, University of Queensland, Brisbane, 
Australia. 


(Manuscript received October, 1971--Ed. ) 


INTRODUCTION 


It has gradually become apparent that a massive destruction. 
of the hard coral cover of reefs of the central region of the 
Great Barrier Reef lying between approximately Lat. 15° 1S) and 
19° S. has occurred during the 1960's because of the feeding 
activities of very large numbers of the coral predator Acan- 
thaster planci (Barnes and Endean, 1964; Barnes, 1966; Endean, 
1969; Pearson and Endean, 1969; Talbot and Talbot, 1970; 

Endean and Stablum, 1973) 3 Interest is now focused on the rate 
at which devastated reefs in the region will recover from the 
starfish invasions, on the manner in which recovery will 
proceed and on the ultimate extent of this recovery. 


It was known that by mid 1969 the bulk of invading starfish 
had departed from most of the inner platform reefs lying between 
baie Oe YOU eS ging! 18° °S, ame sim 1970 it was decided to visit 
some of these reefs and examine their surface cover. Particular 
attention was to be given to assessments of the extent, rate 
and manner of recovery of the hard coral cover of affected reefs 
and to factors which could hamper om assast that recovery. ain 
order to provide data to assist in these assessments visits were 
also made to areas of two outer patch reefs which had escaped 
starfish infestation, to areas of reefs where large numbers of 
starfish were killing coral and to areas of reefs from which 
large numbers of starfish had just departed. 


MATERIALS AND METHODS 


The reefs visited in this survey are shown in Fig. 1. 
Most are regarded as inner patch reefs but two (Hedley Reef 
and Potter Reef) are near the 100 fathom line and are regarded 
as outer patch reefs. General surveys of sectors of these 
reefs were made as described in the preceding Bulletin. Visual 
estimates (Table 1) were made of the extent and general condition 
of the living hard coral cover and of the extent of recent 
settlement of hard coral colonies in the reef sectors examined. 
Information on the positions, depth and estimated areas of reef 
sectors examined is given in Table 1. Special attention was 
given to surveys at Green Island Reef and Feather Reef since 
preliminary studies of recolonization at localities on these 
reefs have been carried out by Pearson and Endean (1969). Also, 
information on the approximate dates when the various sectors 
of the reef at Green Island were invaded by starfish is available 
(Barnes, 1966). The six areas examined during the present survey 
of Green Island correspond with the sectors designated A, B, C, 
D, E & K by Barnes (1966). Four areas were examined at Feather 
Reef. The first was sitauted on the seaward slopes at the 
northern tip of the weet. . The second, third and fourth yareds 
were situated to the south on the seaward slopes along the 
eastern edge of the reef. The four areas were separated one 
from another by distances of approximately 800 metres. 
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The principal criterion used to determine whether a coral 
colony was recently established was its very small size relative 
to the mean size attained by the species in the Great Barrier 
Reef region. In many cases the small corals were attached to 
the skeletons of recently killed corals which were still in 
situ. When such small colonies belonged to species different 
from the species to whose skeleton they were attached they 
could definitely be regarded as recolonizers. In those cases 
where the small colony belonged to the same species as the 
exposed skeleton with which it was associated it was possible 
that the small colony had regenerated from surviving portions 
of a damaged coral colony. However, in most cases no difficulty 
was encountered in distinguishing recolonizing corals from 
Sim iINve thn =secorats. Dhesextenmt on the soft coral (alcyonarian) 
cover in each area investigated was also estimated. 


Attempts were made to ascertain the dates when the reef 
areas listed in Table 1 carried large numbers of starfish. 
Unfortunately, the exact dates are not available. However, 
information is available on the years when the various regions 
of Green Island Reef became infested with starfish (Barnes, 
1966). Information is also available on the year when the area 
examined at Slashers No.1 Reef was infested and the years when 
John Brewer Reef was infested by starfish (Endean and Stablum, 
1973). Many of the other reefs listed were visited in 1966 
and were found to be infested with starfish (Pearson and Endean, 
1969). Information obtained from operators of charter boats, 
shell collectors, divers, and from fishermen has assisted in 
establishing the approximate dates when some reefs carried 
large numbers of starfish. 


At some localities sampling stations were set up and 
attempts were made using a sampling technique described ina 
previous paper (Endean and Stablum, 1973) to obtain information _ 
on the extent of the living hard coral cover, on the percentage 
of recently established coral colonies in this cover and on the 
percentage of the reef surface covered by soft corals. To 
obtain this information a transect line was run out at the reef 
sector to be examined. Usually the reef sector examined embraced 
part of the seaward slopes on the windward side of the reef where 
coral growths are well developed. However, a back reef area was 
sampled at Ellison Reef, the transect at Yamacutta Reef was 
across the shallow water of reef crest and reef flat and the 
transect at Slashers No.1 Reef was made on the reef flat while 
large numbers of starfish were eating the coral there. A metre 
square quadrat was placed at intervals along the transect line 
and photographed. Two identical prints were made of each nega- 
tive obtained. One was kept as a record. From the duplicate 
the images of recently settled hard corals, other living hard 
coral colonies and soft coral colonies respectively were care- 
fully excised. The remaining reef cover was regarded as algal 
dominated substratum. The pieces belonging to each category 
were weighed to the nearest 0.0001 gram and each weight thereby 


obtained was expressed as a percentage of the total weight of 
the print. This procedure yielded the percentage area of each 
print occupied by each category of reef cover investigated and 
it was assumed that the figure obtained in each case approximated 
the actual percentage area occupied by the particular category 
of reef cover in the area of reef surface shown in the print. 
The area depicted in each print approximated 1 metre squared 
(mean for 191 prints was 1.07 and the range was 0. 88=1)2.52)).. 
Mean figures for the percentage area occupied by each category 
of reef cover on each transect were then calculated and are 
listed in Table 2. The number of quadrat photographs included 
in the analysis of each transect and the mean number of 
recolonizing hard corals per photograph are also shown in 
Table 2. 


The diameters of the skeletons of recently killed coral 
colonies were measured at some localities. Also, a collection 
of recolonizing corals was made at some localities for subsequent 
identification. Although the commonest of the recolonizing 
corals were included in the collections no attempt was made to 
ensure that all species represented among the recolonizers were 
collected. Algae associated with dead coral skeletons were 
collected at Slashers No.1 Reef for subsequent identification. 


Cursory observations were made on the fish fauna of some 
damaged reefs visited with a view to ascertaining whether the 
species composition and abundance appeared markedly different 
from those of the fish fauna of reefs which had not been 
damaged by A. planci. 


RESULTS 


When feeding,, A. pllanicaydicsestgss heyielesi loin pips pscorad 
prey. The skeleton of the prey is thereby exposed. In August, 
1970 a study was made of the genera of hard coral colonies 
attacked by A. planci on an area of the reef flat at Slashers 
No.1 Reef. Almost every colony of Acropora, Pocillopora and 
Stylophora present was attacked. Likewise very few massive 


corals escaped attention from A. planci. Information relating 
to the genera and sizes of massive coral colonies killed by 
the starfish is given in Table 3. It was noted that every 


polyp in a coral colony attacked by one or more starfish is 
usually killed. Only occasionally, particularly when tall 
branching acropores were attacked, did small portions of a 
colony survive. 


On some reefs, colonies of Pocillopora were frequently but 
by no means always bypassed. Although very large massive corals 
(particularly colonies of species of Porites: and Astreopora) 
were bypassed on some reefs (eae. John Brewer Reef, Cayley Reef), 
on other reefs (e.g. Hall-Thompson, Slashers No.1 Reef), large 
colonies of Porites and Astreopora, some exceeding 2 metres in 
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diameter, were attacked and killed. The impression gained was 
that A. planci exhibited a preference for tabular Acropora 
species and small colonies of massive corals but when aggre- 
gated in very large numbers (tens of thousands) on a reef would 
attack almost every colony of coral on the reef. Among the 
colonies which usually escaped attack were those growing on 
reef crests and in shallow water on the tops of coral pinnacles 
exposed to considerable wave action. Occasionally, coral 
colonies growing in deeper water, particularly at the south- 
eastern regions of reefs which are frequently exposed to heavy 
wave surge, survived the starfish invasions. Stands of the 


hydrozoans Millepora and Heliopora were bypassed and only 


rarely (ene; at Taylor Reef) were soft corals attacked. 


After attack by A. planci the skeletons of corals ,are 


exposed (Figs. 2 and Boies These remain stark white and free of 
adhering material for a few days but within 2-3 weeks the skele- 
tons acquire a coating of filamentous algae. The principal alga 


Subsequently the algal covering thickens and darkens and the 
coral skeletons become covered with dark tufts of algae. From 
a distance of a few metres large areas of the coral skeletons 
appear very dark, almost black, at this stage (Fig. Ly) na In 
August, 1970 such algal covered skeletons of Acropora spp. were 
collected from a trail of dead corals left by a large group of 
AS plane ,wha chy pwene jactaveliy feeding on, the gree, fiat .at 
Slashers No.1 Reef. The following algal species were present: 
Microcoleus lyngbyaceus (Kuetzing) Crouan, Ceramium gracillimum 
var. byssoideum (Harv. ) Mazoyer, Griffithsia tenuis C. Ag., an 
unidentified species of Polysiphonia and an unidentified species 


of Bryopsis. 


The dead coral skeletons may remain covered with filamentous 
algae for several months or even years but frequently other types 
of algae, including coralline algae, gradually replace or become 
intermingled with the filamentous algae conferring on the dead 
skeletons a greyish rather than a blackish appearance (Fig. 5)) 
The algal-covered coral skeletons often remain in situ for long 
periods of time (Fig. 6). Pearson and Endean (1969) refer, for 
example, to the skeletons of two tabular acropores (Acropora 
hyacinthus) which had remained in situ on Green Island for 
almost three years when last observed. Other skeletons are 
eroded by boring and abrading organisms. It was noted that 
after exposure for a few months the skeletons of some acropores 
became very friable. Presumably they had been weakened in some 
way but the cause was not determined. Sometimes, as was observed 
at Adelaide Reef, many of the flat "plates" of Acropora hyacin- 
thus (and other tabular corals) had broken away from their points 
of attachment and they lay in stacks on ledges at the foot of 
steep reef faces. Often, as happened at Taylor Reef, Green 
Island Reef and Hall-Thompson Reef, the exposed skeletons of 
branching acropores growing in Shallow water were smashed by 
wave action and formed piles of rubble (Fig. 7). When visited 
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during 1970 the water over many of the reefs where damage had 
been particularly heavy (etek Sudbury, Arlington, Green and 
Howie Reefs ) was markedly turbid compared with the situation 
on other reefs in the area (e.g. Thetford Reef) which had not 
been anvaged by, Large nunbers vor vay pllancay 


It was noted that coral haunting fish, such as chaetodons 
(Chaetodontidae), pullers and humbugs (Chromidae), and damsel- 
fish (Pomacentridae), remained in the vicinity of skeletons of 
dead corals until these acquired a coating of algae. They were 
certainly absent from the algal covered hard coral skeletons 
but their fate was not determined. However, coral colonies 
which had been bypassed by A. planci seemed to have more than 
the usual quota of fishes (Fig. ne Fishes were well repre- 
sented on reefs which had been devastated during the early or 
mid 1960's but marked changes in the species composition of 
the fish fauna appeared to have occurred. In particular, coral 
trout and cod (Serranidae ) appeared to be very scarce on 
devastated reefs while parrot fish (Scaridae), surgeon fish 
(Acanthuridae), and wrasses (Labridae) occurred commonly. 


Occasionally, some of the tips of the branches or segments 
of the branches of staghorn acropores or edges of the "plates" 
of tabular acropores were not killed by the starfish. These 
undamaged areas continued to grow. Their surfaces remained 
free of fouling algae in contrast with the adjoining portions 
of the skeletons which, after initial exposure, had become 
covered with fouling algae (Fie. 9). These algal covered 
regions of the skeleton did not seem to acquire a new covering 
of polyps as a result of regeneration from surviving portions 
of the original colony. Indeed, other species of coral some- 
times settled on the algal-covered parts of the skeletons. 

The continued growth of only portions of the original colonies 
of damaged acropores resulted in many assuming bizarre growth 
forms. Some of these regenerating colonies will be lost 
because the damaged portions become eroded and crumble. This 
was observed to have happened at some localities (Fig. 7)O)) ie 
Occasionally too, destruction of colonies of massive corals 
was incomplete. In those cases where large massive corals were 
involved the passage of a feeding starfish across the surface 
of a coral colony was marked by a trail of exposed skeleton 
(Fig. AAG) This exposed region soon acquired a coating of 
algae and other fouling organisms (Fig. 12). Massive corals 
damaged in this way were observed on areas of many reefs (e.g. 
Green island Reef ) from which invading A. planci had departed 
some years previously. It is not known whether colonies of any 
or all species of massive corals so damaged will in due course 
regenerate a covering of polyps in the damaged regions of the 
colonies. Budding of new polyps from the edges of the living 
coral tissue (Fig. 13) of such damaged colonies was not marked 
and if regeneration occurs it must be a slow process. AIso, 
apart from algae, soft corals (Fig. 14) and occasionally other 
species of hard corals were observed to grow on the dead areas 
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of the colonies. These organisms must compete for space with 
polyps from the original colony. Also, it might be expected 
that portions of the skeleton lacking a protective cover of 
polyps would be exposed to the attacks of boring organisms and 
invasion by micro-organisms. The presence of partially killed 
colonies of branching and massive corals confers a character- 
istie facies jon a reef, devastated by A.) planci and itwould, be 
possible for the trained observer to deduce the cause of the 
devastation even after the lapse of some years. 


Within a few months after reefs were devastated by A. 
planci, an vobvious \ancerease ,in jthe soft, coral cover usually 
occurred. The rapidly growing soft coral colonies spread over 
dead coral skeletons (Fig. 15) and grew around surviving coral 
colonies. In some areas of the reefs devastated by A. planci, 
the reef surface became virtually carpeted with soft corals 
(Fig. 1:6,)¥. In other areas (e.g. areas at Green Island Reef) 
stalked algae such as a species of the alga Turbinaria formed 
a cover on the skeletons of recently killed corals. 


Information on the surface cover of the areas of reefs 
visited is given in Table 1 and Table 2. It is apparent that 
in 1970 and 1971 the living hard coral cover in areas visited 
of those reefs which had been invaded in recent years by A. 
planci was remarkably low when compared with the hard coral 
cover of areas of reefs (ese. seaward slopes of Hedley Reef 
and Potter Reef) which had not been invaded by large numbers 
ORs lanes pinyise enh hy cass 4 JOny si hic) Ioqbhiers (hand) a tawais 
apparent that algae and soft corals had proliferated on reefs 
devastated by A. planci. 


In the main, surviving coral colonies were confined to 
very shallow water in situations exposed to wave action (eres 
the region studied at Yamacutta Reef described in Table 2) but 
some species growing in deeper water such as Millepora spp. 
appeared to have been avoided by the starfish and had survived. 
Pocillopora damicornis was frequently bypassed and it too had 
survived in patches in deeper water. Species of Millepora and 
Pocillopora appear to have rapid growth rates and large patches 
of these corals were found on many reefs from which the bulk 
of starfish had departed some years ago. An unidentified green 
Turbinaria was also prominent in deeper water on such reefs and, 
in some cases at least, colonies of this species had survived 
the starfish invasions and had spread rapidly over surrounding 
aneas-ja ihe presence jof patches, off Mal lepora, Pocsil Topora: and 
Turbinaria should be taken into account when interpreting the 
data presented in Table 2. Cccasionally during transect work 
the quadrat fell on an area covered by colonies belonging to 
one of these species and the mean figure for the live hard 
coral cover on the transect involved rose markedly as a result. 
Thus the figure of 15.6% live hard coral recorded in Table 2 
for one transect at Green Island stems from the fact that one 
quadrat sample of the 11 included in the transect included a 
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large patch of Millepora. Likewise, the figure of 18.3% 
(Table 2) for the live hard coral cover of another transect 

at Green Island (Fig. 17) and the figure of 10.3% for the live 
hard coral cover of a transect made at Adelaide Reef (Table 2) 
stem from the fact that one quadrat sample at each locality 
included a large patch of green Turbinaria. The figure of 
18.3% obtained for the mean coral cover of an area at the 
scuthern tip of Green Island Reef is one of the highest 
obtained for a reef area known to have been devastated by A. 
planci. If the figure obtained for the hard coral cover of 
the quadrat sample depicted in Fig. 17 were omitted from 
calculations and the mean hard coral cover calculated from 
figures obtained from analysis of the remaining 9 quadrat 
samples the mean hard coral cover for the transect would be 
10.1%. This illustrates the need for caution when interpreting 
the data presented in Table 2. 


Recolonization of devastated areas by hard corals was not 
detected at the areas visited of Sudbury, McCulloch, Howie, 
Flora, Eddy, Taylor, Beaver, Yamacutta, Slashers No.1, Slashers 
No.4 and John Brewer Reefs and it was negligible at Arlington 
Reef and some of the areas at Green Island Reef visited. Some 
recolonization was detected at other areas of Green Island Reef, 
and at the areas of other reefs visited (Gibson Reef, Feather 
Reef, Cayley Reef, Hall-Thompson Reef, Adelaide Reef and 
Ellison Reef), but recolonization was marked only at the region 
of Gibson Reef visited. All this is reflected in the figures 
for the Bey of hard coral colonies per print (equivalent to 
approx. one m- of reef surface) given in Table 2. Only the 
figure for the area of Gibson Reef examined is similar to those 
for reef areas which have escaped starfish damage (the areas of 
Hedley, Potter and Yamacutta Reef listed in Table By 


Among the commonest of the recolonizers were Pocillopora 
damicornis, Seriatopora hystrix, Stylophora pistillata, 
Acropora hyacinthus, A. humilis, A. variabilis, A. formosa, 
A. cuneata and A. echinata, species of Porites and an 
unidentified green species of Turbinaria mentioned above. 


Some (Fig. 18) of the recolonizers were found on sections 
of "clean" reef face devoid of the skeletons of corals killed 
by A. planci ‘and virtually free of soft’ corals or ‘other ‘macro— 
scopic organisms. Some (Fig. 19) were found on areas of reef 
face surrounded by algae or soft corals. Large numbers of 
recolonizers settled on the skeletons which.were still in situ 
in many reef areas of coral colonies which had been killed by 
A. planes .! The skeletons ‘of tabular acropores,® in parkecolar, 
provided sites for settlement by recolonizing planulae (Fig. 


20). However, it was evident that many, ihenotMnosw, "ort he 
recolonizers which had settled on such skeletons would be lost 
because the skeletons would eventually collapse. This had 


already occurred in some cases (e.g. at Hall-Thompson Reef 
and Adelaide Reef). 
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The results of the surveys carried out at Green Island 
Reef and Feather Reef supported the tentative findings of 
Pearson and Fndean (1969) that recolonization by hard corals 
of devastated areas of these reefs was in progress but was not 
marked. The areas at the southwest and west regions of Green 
Island Reef examined were invaded by large numbers of A. planci 
in 1961 and 1962 (Barnes, 1966). It is significant that only 
slight recolonization was observed in these areas when they 
were visited in 1970. -Likewise, recolonization was only slight 
at a region on the northwest side when it was visited in 1970. 
Indeed, of the areas examined at Green Island recolonization 
was considered to be marked only in shallow water at the 
southern tip of the reef flat’ at Green’ Island Reef and at an 
area of a reef platform which lay in deeper water at the 
southeastern side of Green Island Reef. It is noteworthy that 
the shallow water area at the southern tip of Green Island Reef 
is a region exposed to considerable wave action and many of the 
coral colonies growing there had obviously escaped attention 
from A. planci. Also, a considerable number of colonies on 
the submerged reef platform at the southeastern side of Green 
island” Reef had apparently survived the A. planci’ invasion. 
According to Barnes (1966) this area showed little evidence of 
having been attacked by A. planci when it was examined in 
August, 1966. At Feather Reef recolonization by hard corals 


in the four areas studied was slight. Both at Feather Reef 
and at Green Island a high proportion of the recolonizers had 
settled on tabular acropore skeletons. Soft corals covered 


extensive areas of Green Island Reef and Feather Reef. 


After the bulk of starfish had departed from a reef 
residual populations of starfish were observed occasionally 
to continue the destruction of hard corals. ~For example, in 
December, 1970 a residual population of starfish was observed 
to be attacking the few colonies which had escaped destruction 
on the reef flat at Taylor Reef when this region was invaded by 
large numbers of A. planci in September, 1969 (Endean and 
Stablum prec. paper). In January, 1971, starfish were observed 
on the reef flat at Slashers No.4 Reef attacking corals in an 
area which appeared to have been devastated by A. planci some 
months earlier. The surviving portions of colonies apparently 
damaged during the earlier invasion were being destroyed (Figs. 
PN ane 23), Speciiens ofA “planer as’ small ras" ize rim: 
daanee de were found among the attacking Starthvch. 9 iien coo, 
after the departure of the bulk of invading starfish the 
destruction of coral in shallow water on the crest of a reef 
or on the tops of coral pinnacles may be continued in many 
cases by small juvenile starfish which settle there from the 
plankton. These juveniles appear to remain in these regions 
for approximately 12 months before they move into other areas 
(Endean and Stablum prec. paper). Possibly these young star- 
fish augment the numbers of specimens present in the residual 
populations of A. planci observed on some devastated reefs. 
Of interest was the fact that juvenile starfish were found under 
soft coral colonies near the sand cay at Taylor Reef on 25.5.71. 
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DISCUSSION 


Information on the precise dates when the reefs studied 
carried large numbers of A. planca and jthe precise dates when 
the starfish departed from these reefs is not available. 
However, it is known that infestation of Green Island Reef 
occurred principally during the first half of the 1960's while 
infestation of Taylor Reef, reefs of the Slasher Complex and 
John Brewer Reef occurred towards the end of the decade. When 
visited during 1970 Yamacutta Reef still carried large numbers 
of starfish but the windward seaward slopes of Hedley Reef and 
Potter Reef when visited during 1970 and 1971 respectively 
showed no signs of having been invaded by large numbers of A. 
planci in recent years. Although most of the other reefs 
studied during the present investigation carried large numbers 
of A. planci when visited during 1966 (Pearson and Endean, 
1969) the condition of the coral cover on most indicated that 
large numbers of starfish had been active for at least several 
months prior to the visits. However, available information 
indicates that the bulk of the invading starfish departed from 
these reefs during 1967 and 1968 and all appeared to be free 
of lange niunbers) Oi Aly splancas biveacine venc mos 1969. No information 
was obtained during the present investigation or during an 
earlier survey (Endean, 1969; Pearson and Endean, 1969) to 
suggest that any reef in the area carried large numbers of 
starfish or had been devastated by starfish prior to the 1960's. 
On the contrary, information from many sources (shell collectors, 
fishermen, charter boat operators, divers ) indacated that, A. 
planci was rarely seen on these reefs and that hard corals 
flourished on these reefs prior to the 1960's. Since the 
approximate dates when reefs in the area were devastated by A. 
planci are known and since some reefs were devastated at diff- 
erent times from others an opportunity to study the sequence 
of events during the recovery of devastated reefs presented 
itself. 


Lt should be noted thathvhardiconals jon) aligpairats lola aieews 
except regions of the reef crest exposed to strong wave action 
were usually attacked by invading A. planci. Also, massive as 
well as branching corals were attacked. Thus the destruction 
of hard corals oniyrhemreehs vaciitedgwhitchmwetes i nmacec aang caw 
planci during the 1960's has been much more extensive and 
severe than any coral destruction known to have been caused by 
tropical storms in the area. Indeed, it would seem a reasonable 
assumption that the bulk of adult A. planci departed from such 
devastated reefs primarily because of a shortage of readily 
accessible colonies of their hard coral prey. Apart from marked 
changes in the extent of the live hard coral cover, in the algal 
eover and in the soegt jconal) cover of mectis imvadeda byapa-ssplancs. 
which were studied in this and a previous investigation (Endean 
and Stablum prec. paper), marked changes in the fish populations 
of these reefs appear to have occurred. Indeed, it is likely 
that destruction of the bulk of the hard coral cover of a 
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particular reef will be reflected in marked changes in the 
populations of all species present on the reef before the 
starfish invasions. 


Recovery of a devastated reef is dependent essentially on 
the regrowth of a surface cover of hard corals. Such regrowth 
can stem from an increase in the mean size of surviving undam- 
aged colonies, regeneration and growth of damaged colonies and 
settlement and growth of new coral colonies. However, full 
recovery of the hard coral cover would require that this cover 
be comprised of species and numbers of colonies of each species 
which are typically found on the type of reef involved in the 
geographical region where the reef is sited. Further, complete 
recovery would involve the return of those organisms which are 
characteristically associated with coral reefs in the region as 
well as the re-establishment of the complex relationships 
normally existing between the numerous species comprising the 
biota of the reef. 


The 21 reefs visited in ole survey occupy collectively 
an area of approximately 300 km™ in flat projection and they 
are scattered over about 10000 km* of sea. Because of the large 
areas involved, because of the limited time which could be 
devoted to the study and because of the small number of personnel 
involved it was not possible to obtain adequate quantitative data 
to permit a precise assessment of the extent and rate of the 
HeCoOVeny. Of 19 ot ubese reefs trom devas tvatton by A. planes. 
However, the quantitative data obtained are generally in accord 
with visual estimates involving much greater areas of reefs. 
As can be seen from a study of the data listed in Table 1 and 
Table 2 the results of the survey are unequivocal. First, coral 
colonies growing in Shallow water in habitats exposed to marked 
wave action had frequently survived the starfish invasions but 
elsewhere the amount of surviving hard coral was remarkably 
small. Indeed, on some reefs (ene. Sudbury Reef, Howie Reef, 
Ellison Reef) destruction of the hard coral cover by A. planci 
was almost total. Secondly, some of the surviving coral 
colonies (age Miillepora species, Pocillopora damicornis, a 
green species of Turbinaria) found in deeper water of reefs 
from which starfish departed some years ago, had proliferated 
and spread over adjacent areas. Patches comprised principally 
of colonies of these species are apparent on some areas of some 
reefs. No doubt their spread over areas of dead coral skeletons 
Sipe Sniul and ower aiceds) ot coral) rubble has) been facila tated 
by the absence of competition for the available substratum by 
other species of coral. Thirdly, even after the lapse of some 
years, recolonization by hard corals was generally slight or 
negligible in the reef areas visited. It is possible that very 
small colonies were overlooked but it is believed that this is 
unlikely since in most cases recolonizers attracted attention 
because they appeared as splashes of colour amid the drab 
colouration of a devastated reef. Fourthly, there has beena 
phenomenal increase in the algal cover and in the soft coral 
cover of vast areas of devastated reefs. 


It was apparent that the extent of recovery of the 
devastated reefs visited varied from reef to reef and from one 
region to another of the same reef. AS might be expected, reefs 
on which starfish were still active when visited or from which 
starfish had departed a few months prior to a visit showed no 
obvious signs of recovery. Although some reefs, such as Gibson 
Reef, from which the bulk of starfish had departed some years 
ago Showed signs of recovery, other reefs such as Sudbury, Howie 
and Flora Reefs which had apparently been free of large numbers 
of 4. plane: Tora, similar pemtoed ot ) times howe sie stele -iiaile 
recovery, at least in the areas visited. On the other hand, 
there appeared to be a relationship between the rate of recovery 
of an area of reef and the extent of.coral destruction in that 
area caused by the starfish initially, the more complete the 
initial destruction the slower the recovery and vice versa. 

This raises the possibility that recolonizers on a particular 
reef are principally the progeny of coral colonies on the same 
reef which have survaved the desuructi0m caused) oye a lame. 
PM this 2s, the case, then it as.taikely thatwrecolona7avuLons wate 
be fastest on the southeastern side of exposed reefs where 
pronounced wave action appears to have deterred starfish from 
attacking coral colonies growing in Shallow water habitats. 


A reef whose hard coral cover had just been devastated by 
A. planes exhibited a typical picture. |) ounvivine coral colontes 
were restricted principally to the shallow water near the reef 
crest and to the tops of coral pinnacles. The skeletons of 
recentiyekr ied corals memaamec vin ys il but. we ne ucowe Gedy Diy seaiete 
filamentous algae. Occasionally, | the tips pang) or spare sou Tele 
branches of branching corals and parts of massive coral colonies 
growing in deeper water had survived and these damaged colonies 
Save a characteristic appearance to a ceet devastated by iA. 
planci. Fish were sparsely represented among the algal covered 
coral skeletons. After the lapse of one to two years coral 
skeletons appeared greyish rather than blackish and some had been 
fragmented or detached. The skeletons of some branching acropores 
had formed piles of rubble and some tabular acropores had broken 
away from their points of attachment to the substratum. The 
growth of surviving portions of acropore colonies was particularly 
marked at this stage and some of the growth forms assumed were 
bizarre. Frequently a marked spread of alcyonarians was in 
evidence by this stage and sometimes vast areas of a reef inc- 
luding the coral skeletons still in situ were carpeted by these 
Solr corals, nba 


Within three to four years after starfish had devastated 
some areas of reef recently settled hard corals were seen in 
the areas. However, species diversity was low. The principal 
species among the recolonizers were Pocillopora damicornis, 
Seriatopora hystrix, Stylophora pistillata, species of Turbinaria, 
Porites mayeri and other species of Porites, Acropora hyacinthus, 
A. variabilis, A. humilis, A. cuneata and A. formosa. It is 


known that Pocillopora Teicher Seriatopora hystrix, and 


13 


etc neeren istillata breed throughout the year (Atoda, 1 Oe Fa. 
1947b, oath and possibly they are rapid recolonizers for this 
reason. At the same time they and the other pioneer recolon- 
izers noted must be particularly tolerant of the changed eco- 
logical conditions that are found on reefs which have recently 
been devastated by A. plane. It is possible that a definite 
ecological succession will be observed, some of the colonies 
of the pioneer species being replaced by other species as the 
reefs recover so that the normal species composition of each 
reef area is gradually restored. 


On the other hand, many of the recolonizing corals had 
settled on coral skeletons which will ultimately break away from 
therr points of attachment and a high proportion of such recol-— 
onizers will be lost. Indeed, the removal of coral skeletons 
by storms (or by human agency ) could well facilitate recolon- 
ization. Then too, because of the spread of algae, of alcyo- 
narians and to some extent the spread of hydrozoans such as 
Millepora spp. the amount of space available for settlement by 
the planulae of hard corals is restricted in many cases. 
Certainly no recolonizing corals had obviously settled on soft 
corals or on living hydrozoans in the areas studied. If these 
factors are taken into account, as well as others discussed by 
Endean (in press), it is not surprising that, to date, the 
recovery of reefs of the Great Barrier Reef dewantn eed Dy" ik: 
planci has been slight. Indeed, it would ‘appear that® recovery 
is likely to be a prolonged process. Moreover, the causes of 
the A. planci population explosions have not been determined 
and there would seem to be no reason why recovering reefs will 
not be reinvaded by large numbers of A. planci particularly as 
residual populatrtons of A. planet exist onvam east some reels. 
This raises the possibility that reets devastated by the A. 
planci outbreaks may remain impoverished indefinitely. Repeated 
visits over a period of several years (possibly decades ) to 
marked areas embracing different habitats on a number of reefs 
which have been devastated by A. planci are required to provide 
data for an assessment of the probable course of recovery of 
devastated reefs and the mean length of time which will be 
required’ for full recovery of such reefs. 
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2 The white exposed skeleton of an acropore colony which had 


just been killed by Acanthaster planci (Slashers No. 1 Reef; 
August, 1970). 


3 The white exposed skeleton of a colony of a species of 
Platygyra which has just been killed by specimens of 
Acanthaster planci visible to the left of the colony (Slashers 
No.4 Reef; January, 1971). 
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The skeleton of a branching acropore believed to have been killed 
some weeks earlier when large numbers of A. planci invaded this 
region of the reef flat at Taylor Reef. Dark filamentous algae 
cover much of the skeleton (January, 1970). 


The algal covered skeleton of a massive coral believed to have 
been killed by A. planci some months previously (lagoon, 
Yamacutta Reef; May, 1971). 
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Portion of the reef face on the seaward slope at the eastern side 
of John Brewer Reef showing the algal covered skeletons of tabular 
acropores and other corals still in situ (January, 1971). Large 
numbers of A. planci were active in the area in 1970. 


Smashed skeletons of acropore colonies on the seaward slope, 
eastern side of Hall-Thompson Reef (May, 1971). 
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Large numbers of fish aggregated in the vicinity of one of the few 
large acropore colonies which had survived the A. planci invasions 
of the reef flat at Slashers No.4 Reef (January, 1971). 


Part of a damaged colony of a species of Acropora. Living tissue 
has been stripped from the bulk of the skeleton which is covered 
with dark algae. Surviving polyps are present on the tips of two 
branches which are free of fouling algae (reef flat, Slashers No.4 
Reef; January, 1971). 


Partially damaged colonies 
of staghorn acropores many 
of which have collapsed 
owing to fracture of 
regions of the skeleton 
from which living tissue 
had been removed some 
months earlier apparently 
by Arr ‘lanes (north side, 
seaward slope, McCulloch 
Reefs) Sully 1971). 


11 The white freshly exposed skeleton of part of this massive coral 
colony marks the passage of a feeding A. planci (Slashers No.4 
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Two partially damaged colonies of a species of massive coral 
(probably Leptoria phrygia). Damaged portions are covered with 
black fouling algae (Yamacutta Reef; May, 1971). 


Portion of a damaged colony of a species of Favia. Living coral 
polyps are visible on the left side of the colony. The living 
tissue had been removed from the remainder of the colony several 
months earlier by A. planci which is known to have been active 
in the area (seaward slope, Hall-Thompson Reef; May, 1971). 
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A damaged colony of a species of Porites showing colonies of 
alcyonarians growing on part of the exposed skeleton of the. 
colony (south-east side, seaward slope, Green Island Reef; 
November, 1970). 


Soft corals growing on the skeletons still in situ of hard corals 
believed to have been killed by A. planci about 1966 (northern 
tip, Feather Reef; July, 1971). 
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16 Colonies of soft corals forming a carpet over coral skeletons 
lying on floor of west side of lagoon at Taylor Reef (May, 1971). 
Starfish are known to have been active in the area in 1969. 


17 A patch of a green species of Turbinaria partially enclosed by a 
quadrat frame photographed on the southeastern side, seaward 
slope of Green Island Reef (November, 1970). 


A recently settled colony of Acropora humilis on a "clean" reef 
surface (back reef area, Ellison Reef; May, 1971). 


A colony of a species of Acropora estimated to have settled in 
1968 or 1969 on the seaward slope, north side of McCulloch Reef. 
The colony is surrounded by algae (July, 1971). 


20 A tabular acropore skeleton carrying a recently settled colony 


PA 


of Acropora hyacinthus is shown near the centre of the photograph. 
Soft corals cover other hard coral skeletons in the foreground. 
Starfish were active in the area in 1966 (northern tip, seaward 
slope, Feather Reef; November, LTO 


Portion of a branch of an acropore colony being attacked by a 
specimen of A. planci. The basal portion of the branch (to the 
left) was algal covered and was considered to have been stripped 
of living coral tissue by starfish some months earlier (reef 
flat, Slashers No.4 Reef; January, 1971). 
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A specimen of A. planci attacking part of the edge of a tabular 
acropore which had survived earlier devastation of the rest of 
the colony and had continued to grow (Taylor Reef; January, 1970). 


The white, freshly exposed skeleton of portion of a colony of a 
species of Platygyra which had survived the earlier destruction 
of the remainder of the colony. The remainder of the colony is 
covered with dark algae and is estimated to have been killed 


some weeks earlier probably by A. planci (reef flat, Slashers No.4 
Reef; January, 1971). 
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Acanthaster planci upon Acroporan 
coral after feeding. Freshly eaten 
area on left... Mangareva Island, 
Station —Sedepthiiies ms esDecail Qe OOF 
Photo by DoM. Devaney. 


Acroporan coral showing fresh feeding 
Sicaisy (upper ILE)’, previously eaten, 
algal covered area (lower right), and 
living part (center left). Mangareva 
island, (Station, 3), Gepiihte2 an, ac ml. 
1970. Photo by D. Ms Devaney: 


Acanthaster planci on underside of 
recently eaten Acroporan coral. 
Mangareva Island, Station 9;depth 2 m, 
Decs 125 19/0. Phovo by De Me aWewaniciye 


Acanthaster planci among branches of 


Acroporan coral. Older dead algal 
covered portions (right) and live coral 
(foreground, left). Mangareva Island, 


Station 3 depth 3m, Dec. sl2 ss IESIOr 
Photo by D.M. Devaney. 


Fresh feeding scar on Porites coral 
and surrounding dead branching corals. 
Rarotonga, Cook Islands, depth 30 m, 
Nee, Is IIo Linow® loxyr Doi, IDEITAIMEeT? 


INVESTIGATIONS OF ACANTHASTER PLANCI IN SOUTHEASTERN POLY. 
NESIA DURING 1970-1971 


by Dennis M. ero, and John BE. Ponder”. 


INTRODUCTION 


In recent years considerable interest has been aroused 
by the damage to reefs in the tropical Pacific caused by large 
a coral predator. Survey teams have made starfish counts and 
assessed the damage to reefs at a number of islands. Most of 
this activity has taken place in the western Pacific, partic-— 
ularly the Trust Territory and Great Barrier Reef. Very little 
information has been obtained on the relative abundance of this 
starfish and the condition of the coral reefs in southeast 
Oceania. 


The opportunity to visit a number of islands in this 
remote part of the Pacific was provided by a marine biological 
expedition carried out during the period December 1, 1970 to 
May 20, 1971 on the 99-foot schooner "Westward" owned and 
operated at that time by the Oceanic Foundation. During the 
expedition, Bishop Museum marine biologists Dennis M. Devaney 
and John E. Randall conducted a reconnaissance for the crown- 


of-thorns starfish at the various iSlands visited. When the 
starfish were present in numbers, an assessment was made of 
their damage to the coral reefs. At several places, measure- 


ments, gonad samples, and color notes were taken of A. planci 
(Raoleowd yr 


The expedition was financed by a grant to the Bishop 
Museum from the National Geographic Society, augmented by 
funds from the Oceanic Foundation for operation of the vessel. 
Support for the surveys of A. planci was provided by the Sea 
Grant Program of the University of Hawaii. 


Surveys for the starfish were carried out at the following 
groups of islands (number of islands visited within groups 
shown in parentheses): Tuamotu Archipelago (Cine Gambier 
Group (4), Pitcairn Group (4), Rapa (2), Austral, (3), southern 
Cook .(3)),. Seciety.(3),,.and. the, Marquesas (6)4.)ineaddait don, 
Devaney visited two islands in American Samoa. The itinerary 
of the "Westward" is shown in Figure 1. Names of the islands 
visited are underlined. 


iy, 


Bernice P. Bishop Museum, P.O. Box 6037, Honolulu, Hawaii 
96818. 


(Manuscript received September, 19 72=— des) 


Text figures in this report of the islands at which 
surveys for Acanthaster planci were carried out are based on 
maps in Pacific Islands Volume II, Eastern Pacific, 1943, 
Geographical Handbook Series, Naval Intelligence Division, 
Cambridge. 


DUKE OF GLOUCESTER GROUP., TUAMOTU ARCHIPELAGO 
Ae Anuanuraro Atoll 


On December 6, 1970 the "Westward" anchored off the north- 
west side of Anuanuraro (20° 25! S; 143° 33! W), a small unin- 
habited atoll which lacks a pass (Fig. 2). A boat was carried 
from the seaward side, across the reef flat to the lagoon. A 
search for Acanthaster was carried out in the western lagoon 
(Fig. 2, A) with SCUBA and by skin diving. Considerable live 
coral was present along the sides and top of coral knolls as 
well as in isolated patches on the sandy lagoon bottom (maximum 
depth, 40 feet). At one knoll, extending from a depth of 
approximately 30 feet to near the surface, a large Acanthaster 
was collected in mid-afternoon along the side of the knoll at 
a depth of 20 feet. Color notes taken at the time of capture 
revealed the starfish to have the aboral side greyish to tan 
with the spines reddish. No recent feeding Scars were seen, 
and the animal was not feeding when taken. Further survey of 
the knoll and adjacent knolls failed to reveal additional 
Acanthaster. Measurement data concerning this specimen are 
presented in Table 1. 


Two SCUBA dives were made by Randall and the "Westward" 
crew off the seaward side of the reef along the northwestern 
side of the atoll: “The first dive’ (File! 2)" B)*revealed a 
rather steep slope with live coral and coral rubble; no 
Acanthaster was seen nor was there any sign of feeding by star- 
fish. The second dive, (Fig. 2, C) which was made farther 
south, revealed even richer coral growth and more varied 
topography with caves, etc.; again, there was no sign of 
Acanthaster nor evidence of,coral predation. 


GAMBIER OR MANGAREVA GROUP, TUAMOTU ARCHIPELAGO 


On December 9, "Westward" anchored at Port Rikitea on 
Mangareva (Figs. 3 and Ne the principal settlement of the 
Gambier Group. On December 11 our survey for Acanthaster 
commenced. Observers included Devaney, Randall, Dean B. Cannoy, 
and Jean-Pierre Bablet, fishery biologist with Centre 
d'Expérimentations du Pacifique (C.E.P.). Prior to our arrival 
we had been informed by personnel of Service de la Péche and 
the Institut de Recherches Médicales in Papeete that numerous 
A. planci had been found along the southwestern side of 
Mangareva Island (apparently first noted in October, 1969). 


3 


QuimMifirstastations (dhofHrae: 3) was carried out in the 
lagoon _a few hundred yards southeast of Ile Tenoko (29° 4. 30" 
S5 185 2' Ww). Patch reefs were investigated with the use of 
SCUBA and by skin diving. The majority of the coral was alive; 
there was no evidence of Acanthaster. 


On the afternoon of the same day the second station 
(2 of Fig. 3) was run outside the barrier reef just southwest 
ef Ile Tenoko at a depth of 20 to 60 feet. Some towing was 
carried out in the vicinity. Coral growth was lush. No star- 
fishes were seen. 


On December 12 a series of seven tows were made (alter- 
nating observers ) along the southwest shore of Mangareva 
Island. These constituted Station 3. The first two began at 
Atituiti and the last ended three miles beyond near the western 
end of the island. No Acanthaster» were sightedvuntil: the end 
of the fifth tow when several were seen. Two specimens were 
collected, as were the corals (Acropora) on which they were 
feeding. With the sixth tow the numbers of starfish increased, 
and the coral damage as well. We had found the A. planci 
concentration that had been reported to us (X of Figs. 3-and 
re It is a relatively restricted area centered on 23° 7 2208 
S; 135° O' 30" W between Pte. de Ganoa and Pte. Terimuroa at 
an average depth of 20 feet. Twordivers collected 23 starfish 
in 95 minutes. While towing in the area of greatest density, 
about one starfish was seen per minute. This certainly does 
not qualify as an infestation, but this number of starfish is 
well above the normal occurrence. The coral growth in this 
area is rich; it is dominated by table and branching Acropora. 
Estimates of the percentage of live coral by the observers 
ranged from 65 to 80% (most of the dead coral appeared to have 
been klied recently, probably by A. planci). About half of 
the starfish were actively feeding during this time (41 300= 
1435 hours), Mainly on species of Acropora. Samples ofithe 
coral being eaten were saved. The dominant table acroporan 
was identified as A. reticulata (Brook) by Dr John W. Wells 
at Cornell University. Measurements and determinations of 
sex were made of the sample of A. planci (Table 1). The star- 
fish were bluish-grey aborally, the tips of the spines orange- 
red. 


During the seventh tow the numbers of starfish diminished 
(eight counted in 13 minutes). By ‘thentame iP te 1 TRerimuroadwas 
reached, mo more A. planci or white feeding scars on the coral 
were seen. 


On the following day at 1500-1600 hours we returned to 
the site of concentration mainly for underwater photography 
(Plates ile =Fiw Tee A strong current (about 2 knots ) was flowing 
in a SE direction, against the prevailing wind. 


On December 14 Devaney and Cannoy investigated the lagoon 


area by towing between Ile Taravai and Ile Agakauitai (4 of 
Fig. BY. Live coral was found throughout the area but no 
Acanthaster was noted. 


In a conference with Dr Raymond Bagnis of the Institut de 
Recherches Médicales on March 20, 1971 we learned that surveys 
for starfish were made in 1969 along the lagoon off Ile 
Totegegie where the airstrip has been completed and off Ile 
Kamaka. No significant numbers of Acanthaster were seen. 


PITCAIRN GROUP 
dhs Oeno Atoll 


On December 18-20, 1970 "Westward" anchored off the north 
shore of the uninhabited atoll of Oeno (38 Spi aSeaulsols 45a W) 
(Fie. Bi) Two days of intensive snorkeling, diving, and some 
towing failed to reveal any Acanthaster or any sign of recent 
coral damage that might be attributed to it. The lagoon is 
shallow (nearly all less than 10 feet deep) and dominated by 
sand and coral rubble. The occasional patches of coral rock 
did not have a heavy cover of live coral. The only area out-— 
side the reef which was explored was in the vicinity of the 
small boat passage on the north shore (this passage, by the 
way, is shallow and would not be safe with even a moderate 
swell running from the north). Although there were more reef 
areas outside the reef than in the lagoon, the bottom was still 
dominated by sand--even to the outer edge of the shelf at 100 
feet or more where the slope of the bottom steepened. Dives 
on outer reef areas were made to depths of 120 feet. Coral 
growth was richer than in the lagoon, but still sparse by 
usual atoll standards. 


Be» Pateairn Ts land 
A total of 23 days were spent diving and towing around 


Pitcairn Island (25° 04" S; 130° 06' W) during the period 
December 21, 1970 to January 21, 1971. This rugged high island 


is only about 2 miles long and 1 mile wide; consequently, it 
was not difficult to explore its marine environment thoroughly 
in the time available. Inshore, the bottom is dominated by 
boulders, often of large size, heavily carpeted with brown 
algae (particularly Sargassum). Very little live coral may be 
found in this zone. In the deeper sectors (below about 40 


feet), sand or low-profile rock, either covered with brown 
algae or a thin veneer of sand, account for most of (the botvom- 
With the help of Pitcairn fishermen the few well developed reef 
areas were located. These were found mainly at depths greater 
than 80 feet. The most luxuriant patch reef, known to the 
islanders as "The Bear", occurs off Gannet Ridge on the north 
side of the island. It is about 400 square meters in area and 
rises from a sand bottom with a little rubble in 145 feet toa 
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height of about 30 feet above the base level. It is almost 
completely live coral. A more extensive reef (about 100 
meters in length and about 1/3 this in average width) may be 
found off Adamstown on the north side in 70 to 100 feet of 


water. In contrast, this reef is composed of dead coral rock 
about half covered with colonies of live coral (usually no 
more than 18" in diameter and mostly Porites). In six dives 


om this! rect, '(X ‘in’ Pie! 6) “two adult Acanthaster were found 
at 90 feet one of which was preserved and data taken (Table ‘ge 
The bottom temperature when one starfish was collected was 
24.89 C. Later the same area was subject to a thermocline 
effect. The water at 90 to 100 feet was roily and at least 

2 to 3 degrees C cooler (no thermometer was on hand at this 
time and when one was brought the following day, the water no 
longer felt as cool at the 100-foot depth). Very little coral 
damage was apparent on the reef off Adamstown. One of the two 
starfish had been feeding, and a sample of the coral on which 
it fed was taken. No other Acanthaster was seen at Pitcairn. 


Bh Henderson Island 


On January 11 and January 17-18 a total of two days were 
spent on the north and west side of Henderson Island (240 20! 
S; 128° 20' w) (Pig. 5). The island is elevated coral lime- 
stone, with cliffs along most shores 50 feet or more in height, 
the central region of the island being at most 100 feet high 
and relatively flat. Henderson is 5 miles long and nearly 3 
miles wide. It is uninhabited except during rare visits by 
Pitcairn islanders seeking miro wood (Thespesia populnea). 
The shelf region offshore is relatively narrow, but the reefs 
are more extensive than those of either Oeno or Pitcairn. 
Dives were made to depths of 160 feet. No Acanthaster was 
seen nor was any damage noted to the coral which might be 
attributed to this asteroid. 


ue Ducie Atoll 


For a period of 2-1/2 days beginning January 13, 1971 a 
marine biological survey was made of Ducie (24° 40' S; 124° 
471 W), the easternmost atoll of Oceania. It is small (1.3 
mites! ingereates ft diameter) and; uninhabited s) it aspeertainiy 
one of the least visited islands of the globe. There is a 
shallow channel on the SW side to the lagoon which can be 
negotiated by a ship's boat, except during low tide, providing 
one is alert for the numerous small coral heads. This small 
channel is the main exchange for the lagoon, although some 
water passes over at high tide between two islets on the east 
side. The deeper part of the lagoon is about 50 feet in depth 
(53 feet at deepest sounding). The lagoon is interlaced with 
irregular coral heads, many interconnected at their bases, and 
many reaching nearly to the surface. The coral on these coral 
heads is nearly all completely dead. The water of the lagoon 
had a dark greenish cast, and the visibility was only about 


75 feet at the maximum, probably reflecting a low level of 
flushing. Eight hours were spent in towing, snorkeling, and 
diving in criss-cross pattern throughout the lagoon. Only one 
adult Acanthaster was seen, on the SW side of the lagoon just 
north of the small boat passage, in about 10 feet (Fie. 53, x) 
This was preserved in formalin (Table {| atio@ag data). Temperature 
in the lagoon at the bottom and surface was 26.5° € and’ the 
salinity 38 o/oo. 


In contrast to the lagoon, a moderate amount of live 
coral was seen in the small boat passage--nearly all as small 
colonies. 


Outside the reef from the small boat passage to the NW 
corner of the atoll, from the reef edge to at least 100 feet, 
the bottom was predominantly dead coral encrusted with 
coralline red algae. It was evident that all of this coral 
had been killed at approximately the same time. Without a 
knowledge of the succession of benthic life on dead coral, it 
is difficult to guess how long the coral had been dead, but 
it would seem to be at least a year. The nullipores had nearly 
bridged the gap between adjacent terminal branches of some 
heads of closely branched Acropora. No Acanthaster was seen 
outside the reef (dives were made to 180 feet). Time did not 
permit investigation of the northern or eastern sides of the 
atoll, but the almost complete disolation of corals in the 
areas examined did not suggest that the picture would be 
different elsewhere. Concomitant with the paucity of corals 
was the dearth of fishes, both in number and individuals; 
this was all the more evident in view of the total lack of 
fishing pressure. 


In view of the level of devastation of coral by Acanthaster 
in certain areas such as Guam and the Great Barrier Reef, it 
would seem plausible that the starfish could be responsible for 
Ducie's mass mortality of corals’. The Jack of Stariash coma 
be explained by their mortality following decimation of the 
food supply. Possibly there is some other reason, such as 
mortality due to intrusion of cold water from more southern 
latitudes. At almost 25° S, Ducie is near the southern limit 
of distribution of reef corals. However, reconnaissance at 
Rapa and Ilots de Bass (see below) even farther south, revealed 
a proliferation of coral, including acroporans, without evident 
thermal destruction. 


The presence of Acanthaster planci at Ducie extends the 
known eastern limit of this species and together with the 
specimens found at Pitcairn represent new distributional 
records. 


RAPA AND ILOTS DE BASS 


A period of 25 days between January 26 and February 21, 
1971 was spent at the island of Rapa (2m? Be oe dis 200 WwW) 
(Fie. 7) during which time a number of diving stations were 
worked all around the island. Several sea surface temperatures 
were taken; they ranged from 23.5 to 25P- EY On no occasion 
was Acanthaster found nor was there any indication of coral 
predation by the starfish. Although the local residents were 
familiar with the crown-of-thorns (known throughout the French 
Polynesian area as Taramea) via radio descriptions from Tahiti 
and most recognized this starfish from our photographs, all 
denied its existence in their waters. 


Around most of Rapa coral growth is poor, at least in 
depths less than about 50 feet. There are, however, well 
developed fringing reefs in Haurei (Ahurei ) Bay and luxuriant 
patch reefs off the entrance to the bay. Table and branched 
acroporan as well as many other scleractinian corals were noted 
and collected. For the most part, the corals are vigorously 
growing and well developed in this area. 


On February 20 a visit of one day was made to Ilots de 
Bass (Marotiri) (27° 57! S; 143° 26! W), about 50 miles SE of 
Rapa. Short survey dives were made between NE and SE Rocks in 
depths from O to 150 feet. The deeper areas showed a bottom 
covered with lush, vigorously growing acroporan and other 
corals, interspersed with sandy areas. No Acanthaster was 
noted. 


THE AUSTRAL ISLANDS 


Three of the Austral Islands were visited between February 
25 andy Pebruarys 2840 1.971 .« 6 Ate Radvavae: (23° 1521)S;, 447° 402: w) 
we heard from a school teacher that the crown-of-thorns had 
been seen within the lagoon on the SW side but not in great 


numbers. On February 25, together with this man, Devaney, 
Randall, and two members of the "Westward" crew examined the 
area where Acanthaster had been noted (Fig. 8, 1). Over an 


hour's survey in the shallow part of the lagoon failed to 
reveal any Acanthaster or evidence of coral damage which might 
be attributed to this starfish. SCUBA diving outside the 
lagoon beyond Motu Haa (Haha ) and off the southern boat passage 
in depths from 20 to 175 feet revealed considerable live coral 
but no Acanthaster. 


Dives at selected sites around the islands of Tubuai and 
Rurutu failed to demonstrate any Acanthaster or evidence of 
coral depredation. At Tubuai, the dives were made within the 
lagoon near the NW side and off Motu Moturoa by Devaney and 
out beyond the barrier reef on the north side, west of the boat 
passage by Randall during the afternoon of February 26. At 
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Rurutu, diving was conducted off Avera Bay and more extensively 
off Moerai Bay on the NE side of the island during February 27 
and 28. Local residents and officials of the French government 
at both of these islands had not seen or heard of the crown-of— 
thorns in their waters. 


SOUTHERN COOK ISLANDS 
ie Manuae (Herve 


On March 6, 1971 between noon and 1800 hours, Devaney 
examined the lagoon and one seaward site of Manuae (Hilfe. 9, 
insert) for Acanthaster. A small boat was dragged through the 
shallow channel along the NE side of Manuae Islet (19° 21' S; 
158° 58! W). The lagoon was crossed between Manuae and Te Au 
O Tu Islets. Very little coral appeared in the shallow parts 
of the lagoon (depths 2-6 Merete) ie Many black sea cucumbers, 
primarily Holothuria atra, were seen on the white sand bottom. 
Later in the afternoon a dive was made in the deeper portion 
of the lagoon near the south central part where the bottom 
depth is 16 feet. Several coral knolls rise very near the 
surface. The coral was alive and extensive, especially along 
the upper margins of the knolls. Several underwater photographs 
were taken of coral along such edges. No evidence of Acanthas-— 
ter nor coral damage from the starfish was noted. 


In the late afternoon, on the seaward side of Manuae Islet 
just SE of the small boat channel (Turakina Passage) (Fig. 9, 
Xela, Devaney and Rhett McNair made a SCUBA dive from 40 to 180 
feet. The deeper zone from 120 to 180 feet is nearly vertical. 
The bottom here was dominated by large sheetlike terraced 
colonzes of live Porites. Very few other live iconalis were 
present, but there was considerable dead coral covered with 
coralline algae. Leading into this steep sector is a canyon 
which appears to be an erosion channel. This was examined from 
a depth of 40 to 100 feet. The bottom of the canyon, which 
averages about 20 feet in width, is clean sand and boulders, 
some cemented by nullipores. The walls are between 10 and 15 
feet in height. Above the walls, on the south side, 80 to 90% 
of the bottom was covered with dead coral. Most of this coral, 
especially the branching forms of Acropora and Pocillopora, was 
cemented in place by nullipores. In some areas a scum of blue- 
green algae covered much of the surface. Although there was no 
sign of Acanthaster in this area, the high percentage of dead 
coral condition of the bottom was reminiscent of the reefs 
killed by the starfish in Guam. Possibly the dead coral was 
a result of an infestation of A. planci. 


aps Aitutaki 


Beginning at noon on March 7, 1971 the lagoon of Aitutaki 
(18° 53! S; 159° 47! W) was surveyed by Devaney, Rich Costello, 


and James Haywood. The path of the survey is shown by the 
dotted line of Fig. 9 beginning just south of the main village 
of Arutanga. Numerous coral knolls (most about 15 to 30 feet 
in diameter) occur an the zone, between) A’ and B Fig. 9. Ten of 
these knolls were examined completely by two or more divers. 
Up to 90% or more of the branching corals (mostly Acropora and 
Pocillopora) were dead. Much of the dead coral was covered 
with brown, green, and coralline red algae. Soft corals and 
the blue starfish Linckia laevigata were common (3 to 8 star- 
fish per knoll). Approximately at point B the first coral 
heads with live branching acroporan corals were noted. The 
depth to the sand bottom here is 10 to 12 feet. Each of these 
knolls had several adult Acanthaster on them. Most of the 
starfish were concealed near the lower part of the knolls (one 
of six starfish on a knoll was on the sand bottom beneath a 
ledge). None of the starfish were feeding, but fresh feeding 
scars were evident on the corals. 


Moving toward Maina Islet from point B the knollis had a 
higher percentage of live coral and fewer A. planci. On these 
heads with more live coral Linckia laevigata was not common. 

The direction of survey was then altered toward Tekuotu .Point, 
and random knolls were investigated. The greatest Gonienieraa oid 
of A. planci was noted on knolls near Tekoutu Point. Here 
several of the starfish were seen actively feeding on coral 
along the edges of knolls near the surface. Underwater photo- 
graphs were taken in this area and starfish were collected 

from three of the knolls. 


Towing over the sandy bottom between knolls there are 
small heads of Acropora (probably formosa) which were mainly 
dead, with indication of not having died too recently. Only 
a few had the usual commensal invertebrates and the pomacentrid 
fish Dascyllus aruanus associated with them. 


Proceeding SSE from Tekoutu point we entered an area so 
Shallow with numerous coral heads (Fig. Or D) that it was 
impossible to continue towing. The coral here was alive, and 
there was no evidence of Acanthaster. 


We conclude from this survey that there was an active 
zone of predation by A. planci in the lagoon of Aitutaki 
between the wreck of the Alexander and Tekoutu Point (approx- 
imately B-C of Fig. 9). Wembelieves so halimuMer Ss vd tits nn have 
advanced in a southerly direction from Arutanga and are 
responsible for the dead coral. That they have crossed areas 
of bare sand is suggested by the high percentage of dead stands 
of Acropora between the” kvolls” “ive absence" of small or leven 
medium-sized starfish is also indication that a single rela- 
tively small population of A. planci has moved as a progressive 
front in the Aitutaki lagoon. 


Mr Val Hinds, the Fisheries Officer of the South Pacific 
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Commission, made a brief survey for Acanthaster in the lagoon 
of Aitutaki in the summer of 1970. He failed to find any 
starfish at that time. JTIopa Marsters, a Rarotongan fisherman 
who accompanied Mr Hinds during his survey, was also with our 
team at Aitutaki. He does not recall seeing the many knolls 
of dead coral during the 1970 investigations. He stated, 
however, that the survey group had little experience with 
Acanthaster and its damage to corals. 


On March 8 between the hours of 0830 and 1105 a survey was 
made of the seaward side of Aitutaki from Arutanga Passage 
south, to, Maina, Istet.(the: dotted: lame jot. bby sales OD) ea 
distance of about 4 miles. An observer was towed behind a 
small boat and spot checks were made by skin and SCUBA diving. 
Devaney was assisted in this survey by Haywood and David Bryant 
of the "Westward" crew. 


The seaward shelf of this area, from a depth of 10 to 100 
feet, consisted mainly of dead coral. <A few encrusting corals 
were alive as were occasional small heads of Acropora and 
Pocillopora, and there was live Millepora and soft alcyonarian 
corals. Approximately 80 to 90% of the scleractinian corals, 
including massive heads of Porites, were dead. No evidence of 
Acanthaster was noted. Underwater photos were taken and samples 
of dead coral taken. The samples revealed much encrustation by 
coralline red algae (up to 1 mm in thickness). 15 SS) Wri 
possible that Acanthaster is responsible for the extensive 
coral mortality of this sector of Aitutaki. 


Cook Island government officials informed us that there 
has been heavy use of chlorinated hydrocarbon insecticides at 
Aitutaki in recent years. They also mentioned that several 
55-gallon drums of DDT had been dumped in or just outside 
Arutanga Passage after World War II. 


ie Rarotonga 


When Devaney went on "Westward" to Manuae and Aitutaki, 
Randall remained at Rarotonga (21° 13' S; 159° 46.5! W) with 
Dean B. Cannoy for a survey of Acanthaster there. Devaney 
returned for the investigations on Rarotonga on March 10. 


On March 6, 1971 Randall was towed from Avaavaroa Pass on 
the south side of Rarotonga for a distance of 300 meters to 
the east over an average depth of 40 feet (Fig. 10, IN) Away 
from the pass the water was clear enough to reveal a bottom 
nearly completely covered with live coral with no trace of 
Acanthaster. <A dive was then made in 50 feet with SCUBA in the 
company of Walter Hambuechen, the Agriculture Officer of the 
Cook Islands. Toward the end of the dive, the deeper portion 
of the reef was investigated. At about 80 to 90 feet some dead 
coral was observed. At 100 to 125 feet fresh feeding scars 
from Acanthaster were seen; the coral here was 90% dead. Two 
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adult Acanthaster were observed in this area, one of which was 
brought to the boat (398 mm in diameter, 1315 gms; see Table 
ale along with two kinds of coral on which it was feeding. 
After a return to shore for fresh tanks, a second dive was 

made (with Dean B. Cannoy ) in an attempt to find the same deep 
area of heavy coral destruction. The exact area was not loc- 
ated, for no fresh feeding scars and no Acanthaster were seen, 
but the coral was at least 90% dead at 100 feet and below, with 
some dead coral apparent at the 80- to 90-foot level. 


The south shore of Rarotonga is subject to consistent 
heavy swell. On only a few days of the year is it calm enough 
to venture through the pass ina small boat for diving as we 
did on March 6. We believe that the heavy surge may be respon- 
sible for Acanthaster avoiding coral in the shallower sectors 
of the southern Rarotongan reef. 


On March 7 two dives were made off the oil tanker buoys 
near the harbor entrance on the north shore of Rarotonga (Fig. 
AMO B)su In one half hour, at a depth of 50 to 80 feet, Randall 
counted 26 Acanthaster. Of these, 18 were feeding, mostly on 
Porites. The bottom in this area is about 3/4 coral, as viewed 
from above:. Of this; 60 to 70% was dead. Most of the surviving 
coral is Porites, some of which stands in large heads 10 to 15 
feet above the base level of the bottom. One cannot help but 
feel that the starfish have avoided Porites initially, but now 
are forced to feed on it in view of the paucity of more favored 
kinds. Samples were taken of three species of coral on which 
the starfish were feeding. 


The second dive began at the easternmost of the two buoys 
(depth 45 feet), and moved toward shore to a depth of 30 feet. 
There was more live coral in this zone, but still about half 
was dead. In ten minutes no Acanthaster were found and no very 
recent coral damage was seen. However, we believe the older 
damage was due to the starfish, particularly since it involved 
mainly species other than Porites. 


A third dive on March 7 was made off the laundry, 1 kilo- 
meter west of the oil tanker buoys (Fig. OR ©). The depth was 
1 tomsO , feet. In a dive of 30 minutes three adult Acanthaster 
were counted, one of which was feeding on coral (sample taken). 
This area had more sand bottom than the previous areas (about 
half sand and rubble, and half coral). Half of the coral at 
this locality was dead, seemingly from Acanthaster. Most of 
the surviving coral was Porites. No towing was possible from 
this area to the harbor because of turbidity of the water. 


An attempt was made on the morning of March 8 to launch 
the small green fiberglass skiff through an alleged boat passage 
near Black Rock, NW Rarotonga. This proved impossible and the 
morning was lost. In the afternoon towing was attempted 
directly off the wreck of "Yankee" on the reef of Avarua (Fig. 
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10, D). It was not possible to see the bottom well enough 
because of dirty water, so a dive was made in 45 to 55 feet. 

In 30 minutes 38 adult Acanthaster were counted. Of these, 18 
were feeding, seven on Porites. Samples were saved of four 
coral species other than Porites on which the starfish were 
feeding. In this area the bottom is about 85% coral, about half 
of which is dead. Again, most of the surviving coral is Porites. 


The starfish were detached from the bottom to determine 
whether they were feeding or not. When detached, they fold 
their arms ventrally, thus forming a nearly complete spinous 
ball which tends to roll in sand channels with surge. One such 
detached starfish rolled back with the surge to strike Randall's 
wrist and one finger and inflict seven deep spine wounds. 


A second dive was made on March 8 off Pue, 1.3 kilometers 
east of the wreck of "Yankee" (Fig. OE 1) 0 The dive covered 
a depth range of 30 to 100 feet in an area where the bottom was 
about 50% coral. Coral damage was nearly as heavy as off 
"Yankee" but only eight Acanthaster were sighted in 30 minutes; 
all but one of these were in the depth range of 80 to 100 feet. 
Because of disconcerting pain from the spine wounds, Randall 
was probably not as alert in counting as he would otherwise 
have been. 


That evening the pain was still mainly confined to the 
wrist and hand, although there was some radiation up the arm. 
The next morning pain had subsided in the limb but an overall 
illness prevailed which necessitated bed rest. Among the 
symptoms were backache, headache, joint pain, malaise, and loss 
of appetite. 


The wounds were slow to heal, particularly three of them 
around which necrotic tissue developed to a radius of about 
3 mm. A week later there was still soreness around these three 
wounds and severe itching of those more fully healed. 


On March 10, 1971 Devaney was towed along the northwest 
side of Rarotonga between Motu Toa and Black Rock for a period 
of 10 minutes (Fiz. OF BD) \e During this period 57 Acanthaster 
were sighted over a distance of approximately 500 yards. MIndiv- 
idual starfish were scattered over the bottom in depths from 30 
to 55 feet. It was noted that in several cases more animals 
aggregated along edges of coral ridges next to shallow sand 
grooves. A check dive in this area showed considerable dead 
branching coral but with the large scattered heads of Porites 
still mainly alive. A few fresh white feeding scars were 
evident. At the end of the tow the water was becoming turbid, 
but there was no sign that the number of Acanthaster had 
decreased. 


Later in the morning of March 10th, Devaney, Randall, and 
Hambuechen made a SCUBA dive just south of Black Rock (Fig. 10, 
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G) at a depth of 90 to 100 feet. Our location was approximately 
3/4 mile SW of the end of the earlier tow (Fig. 10, F). We 
noted that most of the branching Acropora and Pocillopora coral 
was dead, well covered with low algae and in some cases had a 
covering of coralline algae. Live heads of Porites remained. 

No Acanthaster was noted in the small area circumscribed during 


this dive (approximately 100 yards in diameter). 


In the afternoon of the same day a SCUBA dive was made 
between the two oil line buoys about 200 meters west of Avatiu 
Harbor at a depth of 40 to 50 feet (Fig. 10, B). Massive live 
Porites heads with rubble and sand patches dominate the area 
with smaller less abundant heads of branching corals present. 
These branching corals, mostly Acropora spp. and Pocillopora 
spp. were found to be dead and overgrown. No Acanthaster was 
sighted; however, a dive to the same area two days later 
resulted in the sighting of three adult starfish, one of which 
was feeding on Porites. 


On March 11, 1971 Devaney, accompanied by Mr Hambuechen, 
surveyed the north side of Rarotonga, east of Avarua Harbor. 
Towing commenced west of the wreck of the "Yankee" at a depth 
of 50 feet and proceeded parallel to the coast for 100 yards; 
no Acanthaster was evident although the bottom appeared to be 
dead coral. We turned seaward into deeper water. At a depth 
of 100 feet we noted the first Acanthaster traveling over sand 
between coral ridges; immediately thereafter a large number of 
starfish was observed in a concentrated band about 50 yards 
wide extending eastward. A SCUBA dive at a depth between 100 
and 120 feet was made. We counted 23 adult individuals. covering 
an area about 50 yards in diameter next to a sand groove. 
several starfish were feeding on Porites. Only a small percen- 
tage of the branching corals were observed to be alive; the 
rest were covered with low algae and nullipores, the latter 
filling in the crevices between branches. Underwater photo- 
graphs were taken with Nikonos and flash. Seven of the smaller 
Acanthaster were collected for size and sex measurements (see 
Table Ae and gonad samples taken. A portion of two individuals 
collected was retained for later examination (one which was 
yellowish colored with numerous pedicellaria). The color of 
most of the specimens appeared greenish, greyish, or bluish at 
100-foot depth but were red in the flash pictures and red upon 
bringing the starfishes to the surface, the difference in color 
being due to the extinction of red color with depth. 


In the time available we were unable to survey the entire 
coastal area of Rarotonga, but the numerous A. planci and 
extensive coral damage observed at widely separated areas 
suggests that the starfish might be expected in abundance all 
around the island. 


Rarotonga with about 13,000 people is the most populous 
of the Cook Islands. Agriculture is important, and the use of 
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chlorinated hydrocarbon insecticides--first DDT and now mainly 
dieldrin and lindane--is excessive (Hambuechen, personal 
communication). 


SOC DY MISEANDS 
de Bora Bora 


On March 18, 1971 two teams of divers examined the coral 
and bottom environment on both sides of Teavanui Pass on the 
west side of Bora Bora (16° 30' S; 151° 45! W) (Pig. 11). One 
team (Devaney, McNair and Bryant ) worked along the northern rim 
of the pass and seaward as far as the northern end of Ile 
Teveiroa. With the exception of a small area off the middle of 
Tle Teveiroa which revealed dead coral, the pass and seaward 
region appears to support considerable live coral. No Acanthaster 
was observed. The one small area with dead coral shows a west-— 
ward projection of the reef and appears to receive heavy surf. 
The dead coral probably resulted from wave action. At a depth 
of 40 feet, and deeper off this area, live coral was abundant. 


The second team of divers (Randall and Cannoy ) was towed 
along the south side of the Teavanui Pass and south as far as 
the middle of Ile Tupua (Toopua ) about 1.2 miles from the pass 
on the seaward side. No signs of coral damage due to the crown- 
of-—thorns could be detected. The bottom was mostly live coral. 
A few heads of Acropora with white areas were noted, but diving 
failed to reveal any starfish. 


A SCUBA dive including both Devaney and Randalt on the 
seaward side outside the reef (Fig. 11, X) showed a moderately 
steep drop from 60 to 155 feet. A considerable amount of live 
coral was seen on this slope. The bottom was mainly sand 
between 155 and 175 feet. There was no evidence of Acanthaster 
AC CLVA Dire 


According to an informant in Bora Bora, Erwin Christian, 
who operates a glass-—bottom boat and has a SCUBA facility, there 
has been no evidence of an increase in the number of Acanthaster 
at this island. Only an occasional individual is sighted. He 
mentioned having recently seen one or two in the southwestern 
part of the lagoon south of Ile Tupuaiti. We towed an observer 
in this sector of the lagoon during the afternoon of March 18 
but failed to find any A. planci or coral damage. 


Ze Huahine 


On March 19, 1971 several hours were spent along the 
northwest side of Huahine (16° 45' S; 151° W). 


A tow was made from inside Avamoa Pass to Avapeihi Pass 
along the seaward side (Fig. es iy) There were no signs of 
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Acanthaster; the mouth of the Avamoa Pass on the south side 

is a scoured pavement bottom with isolated heads of live 
Porites and Pocillopora coral. Along the seaward side between 
the two passes, the bottom is also hard with a few shallow sand 
grooves and pockets. It is mostly covered with live coral, 


including Pocillopora eydouxi, P. meandrina and Acropora spp. 


A second tow was made on the seaward side south of 
Avapeihi Pass for a distance of 200 yards to a point just 
opposite Mt. Tavahi (Fig. 12, B). Some dead coral and rubble 
was noted and a SCUBA dive by Rhett McNair off a steep slope to 
80 feet revealed a considerable amount of dead coral; however, 
no Acanthaster was observed nor were there any fresh feeding 
scars. 


SCUBA dives were made north of Avamoa Pass (Fig. 12, C). 
Live coral banks separated by shallow rubble and sand grooves 
were noted in depths from 20 to 100 feet. There was no sign 
of Acanthaster. 


Several persons familiar with the waters of Huahine, both 
at the island and in Tahiti, informed us that they knew of no 
indication of an abundance of A. planci there. 


3 Tata 3: 


As early as May 1969, evidence of Acanthaster predation 
on Tahitian coral reefs was known. By October 1969 the Service 
de la Péche in Papeete with volunteer help began a control 
program in the lagoon areas at Punaauia and Paea, 17 and 21 
kilometers SW of Papeete, respectively. A resume of the control 
program through October 1970 is available in a 9-page mimeo- 
graphed report of the Service de la Péche, dated December 1970. 


Through the kindness of Dr Raymond Bagnis of the Institut 
de Recherches Médicales at Papeete and Dr S. Stein, Chef du 
Service de la Péche, we were able to examine several of the 
most affected areas, especially Punaauia and Faone. 


On March 22, 1971 the lagoon of the district of Punaauia 
was visited (Fig. Lior A). The devastating effect on the lagoon 
corals, particularly near the barrier reef, was noted. Over 
10,000 A.» planci had been removed) from this sector. We were 
able to find only 12 adult specimens in a period of three 
hours. <A special effort was made to find juvenile starfish, 
but none were seen. A few small white feeding scars were 
observed near basal portions of staghorn Acropora, but diligent 
searching for young A. planci in the vicinity of these scars 
failed to yield any specimens. Our smallest specimen from the 
area was of medium size (1100 grams). 


On March 23, 1971 Devaney joined Mr Francis Nanai from the 
Institute de Recherches Médicales and Mr Phillip Tsu and three 
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other divers from the Service de la Péche for a starfish 
control mission in the lagoon of Faone on the eastern side of 
Tahiti (40 kilometres from Papeete). We were informed by Tsu 
that as recently as March 9, 1971 several hundred Acanthaster 
had been removed from this area. Four divers of our group 
collected 40 specimens of A. planci in about two hours. The 
starfish were thrown into a small boat, taken to shore, and 
placed on land for 48 hours before being dumped. No chemical 
injection or other methods of eradication have been employed 
shale aitevalastap st 3 


On the outside of the fringing reef an examination was 
made of the bottom parallel to the reef edge along a transect 
of 200 yards. Dives were made from the reef edge to depths of 
50 feet at a distance of about 100 yards from the reef edge. 
There is a heavy cementation of the coral and rubble with 
coralline algae. This often obliterates the branches of the 
corals, making it difficult to determine the amount of previous 
lave coral cover.’ There das partial, coral, necolonsa zataionwomer 
the cemented substratum at Faone. No small A. planci were 
found, in spite of careful search. 


On March 28 and 29 SCUBA dives were made by Randall and 
Cannoy on the outer reef outside Papeete Harbor off the middle 
of the concrete breakwater in the vicinity of a wreck of a 
large iron-hulled sailing vessel. Depths ranged from 20 to 
250 feet. The coral growth was good. A few whitish patches 
on the coral suggestive of Acanthaster damage were seen in the 
depth range of 60 to 100 feet, but no starfish could be found. 
The water was too turbid for towing; also there was an oil 
slick on the surface. 


On March 29, the sea was moderately clear NE from the end 
of the breakwater, and it was possible to see the bottom in 30 
to 40 feet. A tow was made for 1.5 miles over this depth from 
the NE end of the breakwater toward Tau-noa Pass. The bottom 
was dominated by small heads of Pocillopora meandrina. No 
Acanthaster were seen. 


It is perhaps no coincidence that Tahiti and Rarotonga, 
the only islands of heavy infestations of Acanthaster planci 
of the 27 we visited in SE Oceania, are the ones of the greatest 
human habitation and heaviest agriculture. One of us has 
already suggested that there may be a connection between the 
use of chemical pesticides and the outbreaks of the crown-of- 
thorns starfish (Randall, Biotropica, 4, 1972, 132-144). 


NORTHERN TUAMOTU ARCHIPELAGO 
see Rangiroa 


Rangiroa is the largest atoll in the Tuamotus. Its eastern 
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end, Wiessiated bos a7 Se 1du3i0 13' W. There are two passes, both 
on the north side, about 5 miles apart. In 1957 there were 
700 inhabitants, mostly in two villages, one at the eastern 
side of each pass. 


On April 6, a dive was made from 40 to 100 feet on the 
outer reef 200 yards east of Tiputa Pass, the easternmost of 
the two passes. The coral growth was extremely rich. No 
Acanthaster were seen, nor was any damage to the coral suggest- 
ive of the starfish noted. 


On April 7 and 8, dives from 20 to 60 feet were made on 
groups of coral heads in the lagoon of Rangiroa about 1 mile 
east of Avatoru Pass. Less than 50% of the hard bottom 
consisted of live coral. There was no sign of Acanthaster. 


On April 8, a tow was made from the western side of the 
pass 1/2 mile to the west, the tow commencing at the outer 
half ote passte At». the edge, of! thet passiimd5 tor 40, heet 
there was considerable dead and broken coral, but not suggest-— 
ive of Acanthaster damage. On the outer reef in the region of 
the tow (30 to oO feet) the bottom was monotonously flat coral 
rock studded with small heads of Pocillopora, Porites, and 
Millepora (coral about 1/3 of bottom area). The water was some- 
what turbid by atoll standards (evidently the discharge from 
the pass moves mainly westward). At the outer edge of the reef 
the slope steepens and the coral growth is richer. No Acan- 
thaster were seen. 


A tow was then made from the outer part of the pass on the 
eastern side for one mile in the easterly direction, at an 
average depth of 50 feet. Because the water was very clear, it 
was possible to see over a depth range of at least 20 to 80 
feet. Pxcept at the outer part of the pass and the first 200 
yards or so to the west, which was flat coral rock bottom with 
scattered small heads of coral, the bottom was almost totally 
covered with coral in the 20 to 80 foot depth range. A dive 
was made to 150 feet at the end of the tow. The following day 
sporadic brief tows were made from one mile to slightly more 
than two miles to the east of the pass, with no change in 
bottom type. Two dives were made from a range in depth of 15 
to 140 feet. Theres is a steep drop-off of 60 to 70 degrees 
with sand, coral rock, and some live coral beginning at about 


10) TOmoOltneeits Only a very few small white dead areas on coral 
were noted, and no Acanthaster were seen. The dominant coral 
is Pocillopora. In several broad areas in the depth range of 


about 30 to 70 feet in the vicinity of one to two miles east of 
Avarua Pass, about one third of the Pocillopora is dead and 
very heavily encrusted with coralline algae and other marine 
growth. If such damage were caused by Acanthaster in abundance, 
one can only wonder why no starfish could be found at this time 
in the area of partially dead coral. 
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In the afternoon interviews were made with local divers 
with the help of Dr Pierre Fourmanoir, ichthyologist of O.R. 
S.T.0O.M., New Caledonia, who was visiting Rangiroa at the time. 
One man recalled finding seven Acanthaster about six months 
ago on the east side of the pass between the concrete dock and 
outer reef. A tow was made over this area the next day (day of 


departure). As on the other side of the pass, there was con- 
siderable dead coral but very little of recent origin. Most 

was Pocillopora. Very little Acropora was seen, dead or alive, 
and this an deeper sections. Moderate headswofhi Portes jane 
common. A few small patches of white on the coral were visible. 


One adult Acanthaster was seen. 
oe Manihi Atoll 


The atoll of Manihi (western extremity 142 Palen NGe Ge OSs 
W) has a single passage, Tairapa Pass, to its lagoon on the SW 
side. Atwilliage!) (200) inhabitants) ain) 1948) aialestions the: SP side 
of the pass. The lagoon is shallow, the NW end of the pass 
with soundings of as little as 1.2 to 2.2 meters across it. 
The pass is only 246 feet wide and the dock has less than 10 
feet of water. With no suitable anchorage, "Westward" stayed 
at Manihi only during the daylight hours of April 11. 


Tows were made in the outer half of the pass in either 
direction for about 1/4 mile. The water was very clear, and 
the coral growth was rich and diverse in both directions from 
the pass (at the edges of the pass Pocillopora dominated). The 
outer reef is narrow, so it was possible to see the bottom from 
the shore to the drop-off in about 60 to 70 feet. No Acanthas- 
ter were observed. Only a few white patches were observed on 
the coral; these were mainly on Acropora and appeared to be 
the result of feeding by fishes. 


Dives were made to 100 feet 1/4 mile NW of the pass and to 
180 feet SE of the pass for selective fish collecting. No 
starfish were observed at this time. 


Late in the day before departure an interview was held 
with about 20 adults of the village on the incidence of Acan- 
thaster. They reported that a moderate number could be found 
at places in the lagoon. When asked how many one diver might 
count in two hours of swimming, the reply (after some hesitation 
and comparing of opinions ) was 10> to) 12.9 Unfortunately there 
was then no opportunity to make any reconnaissance of the 
lagoon. 


She Takaroa Atoll 


Takaroa is one of two atolls of the King George group (the 
other, Takapoto lies 5 miles SW). The SW extremity is located 
at 14° 31' S; 145° 4! W. The atoll is about 15 miles long and 
5 miles wide. There is a single pass, Teavaroa, on the SW side. 


be 


The village of Teavaroa, with about 140 inhabitants today, is 
on the north side of the pass. Takaroa is one of the more 
valuable atolls with respect to its resource of blacklip pearl 
oysters. The taking of pearl shell was forbidden during our 
stay at the atoll. In fact, it was necessary to obtain 
permission to dive in the lagoon. 


Interviews were carried out with several natives who were 
divers. All stated that the "taramea" (Acanthaster) is very 
rare at Takaroa, both in the lagoon and outer reef (though they 
would know the lagoon better, for toxic fishes are known to 
occur outside the reef whereas the lagoon fishes are reportedly 
safe; thus fishing, plus pearl diving, takes place principally 
an the lagoon). 


The pass and lagoon were very turbid while "Westward" was 
at Takaroa. Towing for Acanthaster was carried out only on 
outer reef areas. 


On April 12 a tow was made over an average depth of 40 
feet for a distance slightly greater than two miles south from 
the pass. <A near-vertical discontinuity of perhaps 10 feet 
was apparent along much of the outer reef a short distance 
from the reef front where the surf was breaking. Seaward of 
this there was often a depression of a few feet. Then a broad 
outer coralliferous terrace to a drop-off in about 60 to 70 
feet. Coral growth was rich and diverse on this terrace. No 
starfish or starfish damage were noted. 


On the following day a tow of about two miles was made in 
the northern direction. The bottom was similar to that south 
of the pass, but about a mile to the north it was noted that 
an increasing amount of the bottom was covered with light pink 
coralline algae. A dive was made from near shore to 220 feet. 
From one third to one half of the bottom consisted of long-dead 
coral overgrown with coralline algae, new coral, and Millepora 
(but primarily coralline algae). The existing live coral is 
mainly in small heads. On the outer part of the reef at this 
area in 40 to 50 feet, the coral growth was better and by the 
edge of the drop-off, the bottom was almost completely coral- 
covered. Most of the coral in the 15 te, 40) foot zone. both 
live and dead, is Pocillopora. No Acanthaster were seen. 


On the morning of the 14th, the day of departure, a dive 
was made on the north side of the pass from the dock to the 
entrance. A few white patches were found on Pocillopora, but 
no starfish could be found. 


MARQUESAS ISLANDS 


The period between April 18 and May 19, 1971 was spent 
visiting the six principal Marquesas Islands. All six islands 
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were examined for the presence of Acanthas ter or eriectsror ats 
predation on the coral fauna. There was no indication of the 
starfish nor any damage to coral which could be attributed to 
a. 


Two persons in Tahiti had mentioned that the "taramea" was 
known from the Marquesas, but we still have no verification of 
the species there. 


AMERICAN SAMOA 
lee Tutuila 


Devaney arrived at Tutuila (Gre AN Ss iGo ho? W) on 
March 25, 1971 and spent three days on the island and the small 
adjoining island of Aunuu. During this period a conference 
with the Governor, John Haydon, was arranged. He expressed his 
concern about the possibility of Acanthaster infestation but 
stated that there was no evidence of a population increase at 
that time. 


Two areas along the southwest coast of Tutuila, Coconut 
Point and Fagatogo, were examined for signs of Acanthaster. 
A dive was also made along the west side of Aunuu Island. No 
crown-of-—thorns were seen. At Coconut Point the cushion star- 
Bash (Culcita) was observed feeding selectively on small heads 
of Pocillopora damicornis. 


Resumé 
1. A small population of Acanthaster occurs off the south- 
western side of Mangareva Island in the Gambier Group. Little 


coral damage was noted and the population has apparently 
remained relatively stationary for at least 2 years. 


2. The distribution of Acanthaster planci is extended as far 
east as Ducie Atoll (Long. 124° 47: 7) and new records for the 
species are from Ducie, Pitcairn, and Anuanuraro Atoll. 


3. Ducie Atoll appeared to have a considerable amount of dead 
coral. A paucity of marine life is attributed to geographic 

position and possibly isothermic conditions. The cause of the 
dead coral was not determined. 


, Acanthaster apparently has not reached Rapa and only one 
island in the Austral group (Raivavae) was reported second-hand 
to have had "taramea" (Acanthaster). Rapa and the Australs 
support a fairly rich coral fauna including acroporan corals. 


5. In the southern Cook Islands, coral depredation due to 
Acanthaster was evident at Aitutaki in a portion of the lagoon. 
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The presence of up to 90% of dead scleractinian coral along a 
4 mile seaward stretch of Aitutaki suggests Acanthaster 
activity in the past. Little recruitment of new coral was 
noted and coralline algae cementation was conspicuous. A 
single dive on the seaward side of Manuae revealed a Similar 
condition but further work there is required to verify the 
cause(s). Rarotonga shows a considerable concentration of 
Acanthaster, and coral predation is extensive, especially to 
the east and west of Avatiu and Avarua Harbours. Additional 
Acanthaster and dead coral was noted near Avaavaroa Passage 
OMtetrhne south sade iam depths from 100 to 125 feet. 


6. In the Society lslands, only Tahiti has large concentrations 
mainly affecting the lagoon areas. Since 1969, and continuing 
presently, a control program has been underway by the Service 

de la Péche. 


7- In the Northern Tuamotus only one atoll, Rangiroa, was 
reported second-hand to have had a small concentration of the 
"taramea". The survey found only a single specimen of the 
starfish and no appreciable coral death which could be 
attributed to A. planci. 


8. In the Marquesas Islands, no Acanthaster was found and 
only second-hand reports which could not be verified suggested 
that this starfish occurs in these islands. There is a 


definite reduction in the number of coral species, especially 
acroporan types, in these islands. 


9. In American Samoa, although Acantnaster is known around 
the main Island of Tutuila, discussions with the Governor 
indicate (thats theres hast not been extensive Acanthaster 
predation nor have any large concentrations been noted. 
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Plate I, figure A. Acanthaster planci upon Acroporan coral 
after feeding. Freshly eaten area on left. Mangareva 


lEsilebaGl, ‘Sibencion 33, Cleon Ie imo Dec, 12, 1970, Binato lew 
D.M. Devaney. 


Plate I, figure B. Acroporan coral showing fresh feeding 
scar (upper iLeueXe )) , previously eaten, algal covered area 
(lower right), and living part (center IL@IENE )) Mangareva 
lstand., Station 3). deapbhy 2. im, Wece) liu ako Ons Ge Om Omi, 
D.M. Devaney. 
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Plate II, figure A. Acanthaster planci on underside of 
recently eaten Acroporan coral. Mangareva Island, 
Deacon 9, depen 2m, Dec. 12, 1970. Photo by DM.” Devaney. 


Pilate 20) figure, B. «Acanthaster planc1 among, branches, of 
Acroporan coral. Older dead algal covered portions (right ) 
and live coral (foreground, ilwertanis) ie Mangareva Island, 

station 3, depth 3m, Dec. 12, 1970. Photo by D.M. Devaney. 
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Plate IIIl, figure A. Fresh feeding scar on Porites coral 
and surrounding dead branching corals. Rarotonga, Cook 
Islands, depth 30 m, Mar. 11, 1971. Photo by D.M. Devaney. 
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Figure 1. Route of the "Westward" 41n Southeastern Oceania 


2Omicom 


| ANUeANURARO, 
143° 35’ 


Figure 2. Anuanuraro Atoll, Tuamotu Archipelago 
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Figure 3. Gambier Islands, French Polynesia 
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Figure 4. Manzareva Island 
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Figure 5. The islands of Oeno, Henderson, and Ducie 
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Figure 6. Pitcairn Island 
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Figure 8, Raivavae, Austral Islands 
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Fizure 9. Aitutaki Island and Manuae (Hervey Islands), Cook Islands 
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Figure 10. Rarotonga, Cook Islands 


Heigh ts 


Uramoa Pass 
3 Mahare 
il, ¢ Sg aay rea awa Tiare Pass 
Tere Sy, Mc. Tart 
{7 


ar 
ix ’e 
“pn te Puuaretn 


SF 
Maroe fMaua Toru 
6 (Three Peaks) ~ 


—Giaps : 
if 3 
% I, 2 a 
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POPULATION LEVELS OF ACANTHASTER PLANCI IN THE MARIANA AND 
CAROLINE ISLANDS 1969-1972 * 


by James A. Marsh, mee and Roy T. Pasa =. 


INTRODUCTION 


The presence of large numbers of the crown-of-thorns star- 
fish Acanthaster planci (Linnaeus) and its devastating effect 
on live coral reefs around certain Micronesian islands was first 
documented by a large-scale survey carried out by Westinghouse 
Electric Corporation in July and August, 1969 (Chesher 1969a). 
The survey indicated that there was, indeed, an abnormal 
population explosion of this animal on several islands, that 
the population explosion was of widespread occurrence, and that 
large areas of reef were being destroyed in certain islands 
beyond what could be considered a normal situation. There were, 
however, a number of islands which apparently had completely 
normal, healthy reefs. ; 


Control efforts were subsequently organized in the Mariana, 
Palau, Truk, Ponape, and Marshall Island Districts of the Trust 
Tenratony ofwthenyPacifiuc;, istands* © The Yap Disitnaet) was) not 
included at that time, because no abnormal Acanthaster popula- 
tions were discovered in these islands by the Westinghouse 
survey. Control efforts consisted of divers injecting formalin 
into large numbers of individual starfish where the animals 
were found in aggregations. 


Questions naturally arose as to whether or not there was 
a numerical increase or decrease in the starfish infestations 
after the original survey, and whether or not the reefs of new 
geographic areas were being invaded. There was also a desire 
to assess the effectiveness of the Trust Territory control 
program. 


On May 3, 1970, a meeting of persons interested in the 
Acanthaster problem in Micronesia was held at the University 
of Guam. The primary objective of this meeting was to discuss 
a continuous starfish-monitoring program for Guam and the Trust 
Territory. A program was designed that would provide biologists 
from the University of Guam Marine Laboratory to resurvey certain 
islands for further information about the starfish. 
£ Contribution No. 25 from the University of Guam Marine 
Laboratory. 
Elie Marine Laboratory, University of Guam, P. O. Box Ek, 
Agana, Guam 96910 


(Manuscript received December 12, 1oye——nde) 


The monitoring program had a fourfold approach: 1) to 
assess population levels and general movement of starfish in 
newly infested areas, 2») to locate additional reef damage 
incurred since the 1969 survey, =))) to assess the control teams' 
efforts in each district, and 4) to observe any recolonization 
of corals in previously killed areas. A continued surveillance 
program was also expected to provide information on population 
dynamics and spawning cycles of starfish as well as other 
information of biological significance (eres potential fish- 
eries, pollution, or such general abuse as overfishing, 
dynamiting, or poisoning PHS) The Trust Territory Marine 
Resources Division provided travel, per-diem, and logistic 
support; the University of Guam Marine Laboratory provided 
expertise. Travel and logistic support was also kindly provided 
by the’ U. S.’ Coast Guard and! ‘the U.S. ‘Navy. 


During the period from June, 1970, to May, 1972, personnel 
from the University of Guam and the Trust Territory resurveyed 
the island of Guam (Tsuda, 1970) ands 19 to Rittphie: 60 trust 
Territory islands previously visited by the ten Westinghouse 
teams. The islands included Rota (Tsude jap lil 1970c), Saipan 
and Tantilan’ (Msuda et al., 1970b) in the eri Saess and Truk 
(Jones Sip Gubs 6 19704) ne Nukuoro and Kapingamarangi (McDonald et 
Alla, 97) seo (sude oh alls, 197/02), Palen (Msucda et all,. 
1971a), Ponape and Ant (Tsuda Cig abs 4 19°71), and Lamotrek, 
Woleai and Ifalik (Bryan and Struck, 1971) in the Carolines. 
Also, Aguijan (Tsuda et al., 1970b), Kayangel (Tsuda et al., 
1971s) and eight atolls in the Carolines (Bryan and Struck, 
1971) were surveyed for the first time. In addition, a second 
resurvey was conducted a year later in Guam (Cheney, HOA), 
Saipan and Tinian (Marsh et al. oe 1972)))6 iPakaw (Marsh and Bryan, 
1972), Ponape (Wass, 1972a) and “ase Gass. 1972b). During 
this latter period, Aguijan was resurveyed for the first time 
(Marsh et al., 1972). 


The purpose of this paper is to summarize our findings on 
the population levels of Acanthaster planci and their resultant 
damage to coral reefs on 27 islands and atolls in the Mariana 
and Caroline Islands between 1969 and 1972. The information is 
based on the surveys and resurveys conducted thus far in this 
area, as well as on information reported at an Acanthaster 
workshop (Tsuda, 1972) held at the University of Guam in March, 
19725 


METHODS 


The basic field technique used in the original surveys 
and the resurveys was to tow two observers behind or alongside 
a boat at a speed of approximately two knots. The boat usually 
followed a zigzag pathway so as to provide a broader swath of 
coverage than would be the case if it travelled ina straight 
line. This allowed observations in both the shallower and 
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deeper portions of an outer reef slope, and gave a more complete 
coverage within a given area. Thus, large areas of reef could 
be examined in a relatively short period of time. 


Observers scanned the bottom on their side of the boat and 
counted the Acanthaster and fresh feeding sites seen. Fresh 
feeding sites were identifiable as distinct white spots standing 
out in marked contrast to the darker surrounding bottom. These 
white spots represented recent coral kills where the starfish 
had eaten away the soft tissues and exposed the skeletal remains 
of the coral. Early experience indicated that whenever white 
spots were seen from the surface, starfish could usually be 
found by divers in the immediate vicinity even if the animals 
were not obvious from the surface. They were often found in 
crevices or under tabulate growth forms of corals or in other 
shaded areas. 


It was at times difficult to distinguish white spots left 
by Acanthaster from those left by other reef organisms (e. &. 
the pillow star Culcita novaeguineae). However, Culcita feeding 
sites usually have a more regular rounded appearance. - Purther- 
more, Culcita are incapable of climbing onto the staghorn and 
tabulate Acro Acropora which are the preferred food coral of Acan- 
thaster. 


The fresh surfaces are soon colonized by filamentous algae 
and other organisms, and take on a drab appearance which merges 
with the appearance of the surrounding substrate. According to 
Chesher (1969a), white spots indicate a coral kill within the 
past 48 hours. 


An area was designated as "infested", or considered to 
have abnormal numbers of Acanthaster, when more than 20 animals 
and/or white spots were seen by two observers in 20 minutes 
(the usual duration of a towing period). Hence, counts of 
white spots and Acanthaster were lumped together in these 
considerations, and an average count of more than one per 
minute of towing was the threshold value. On some occasions, 
only one person was towed by the boat; thus, an average count 
of more than .5 starfish or white spots per minute would then 
be the threshold value. This also allowed standardization of 
tow periods of shorter or longer duration, as well as the swims 
made in areas of extremely rugged terrain or shallow water. 
Spot checks, usually lasting a minute, were made in "sharky" 
areas. The techniques did, however, lead to difficulties in 
converting counts into numbers per unit of reef surface or 
numbers per linear unit of reef face. Hence, data were usually 
recorded as counts per minute of towing or swimming time. 


Reef conditions reported in Table 1 were assigned according 
to the classification of Chesher (1969a). This provided a more 
extensive evaluation than simply designating an area "infested" 
or "not infested". A brief description of Chesher's classifi- 
cation scheme follows. 


Condition 1 is considered a normal situation, with few 
A. planci and the reefs healthy and undamaged. This 
condition was assigned when fewer than one starfish per 
minute of towing (two observers) was found. 


Condition 2 exists when concentrations of starfish and 
feeding sites are found in localized areas, with only slight 
damage to surrounding reef areas; there are no extensive 
dead reef areas. Chesher (1969a) considered this a "seed" 
population preliminary to a more extensive infestation. 
However, here we designate some reefs as Condition 2 without 
implying that we expect this to necessarily lead to larger 
aggregations of starfish or widespread reef damage. 


Condition 3 denotes large populations of A. planci found 
with an extensive depth distribution; many of these are 
aggregated into herds. Damage to the reef is fresh and 
extensive, and patches of completely dead reef are inter- 
spersed with live reefs. Chesher considered this to be an 
intermediate stage of short duration. 


Condition 4 represents a situation where large populations 
of starfish are aggregated into one or more fronts, leaving 
behind almost completely dead reefs. There may be thousands 
of individuals in these fronts. 


Condition 5 describes extensive reef areas of all or part 
of an island composed primarily of dead coral, with the 
damage attributable to A. planci. According to Chesher, 
there may still be large numbers of starfish present, or 
most of these may have dispersed. In this paper we have 
been extremely careful in attributing dead reefs to A. 
planci unless we have evidence from at least one resurvey 
that damage can be definitely attributed to starfish 
infestations previously observed. We believe that it is 
assuming too much to attribute dead reef areas to starfish 
activity unless there is some documentation of such activity. 


Condition 6 is Chesher's designation for a postulated 
condition in which there was a minor population explosion, 
apparently to the level of Condition 2, followed by dispersal. 
Chesher considered this condition as a hypothetical case which 
required further documentation. 


Like Chesher (1969a) and Goreau ity Metlee. (1969), we believe 
that the towing technique is effective for locating and defining 
the’ limits of major’ infestations of A. planci, for gaining “an 
overview of general reef conditions, and for making a reasonable 
qualitative judgement of- the effects of the predator on the 
reef. Large areas of reef can be covered. However, the tech- 
nique is not effective for a precise population census; and 
our numbers of starfish and white spots recorded are approximate 
indicators of the total population. 


RESULTS 


Results of all surveys and resurveys conducted in the 
Mariana and Caroline Islands are elaborated below and also 
summarized in Table 1. 


MARTANA ISLANDS 


Guam: Information on the distribution of populations and 
migrations of A. planci on Guam from early 1967 to May, 1969, 
was presented by Chesher (1969b). The infestation began in 
1967 on the leeward (western) side and spread over most of the 
leeward coast. One population rounded the northernmost point 
and continued down the windward coast. Much of this population 
has now been killed, but remnants of it still remain near 
Catalina Point. Scattered individuals have appeared further 
south on the windward coast. Some remnants of a second 
population are still found along the southern part of the lee- 
ward coast. Starfish and feeding sites can also be found 
commonly in the southern lagoon. There appears to have been a 
stabilizing trend in the last 18 months or so. 


Saipan: Goreau et al. (1969) reported large numbers of 
starfish in the summer of 1969, concentrated primarily on the 
leeward (western) coast inside and outside the barrier reef. 
By August, 1970, almost all these starfish had disappeared, 
but the numbers reported in 1969 could not be accounted for in 
the records of the control team. In 1970 there was a small 
remnant population left on the western barrier. By October, 
1971, the numbers of starfish and feeding sites were completely 
within normal limits, although there were extensive areas of 
mostly dead reef attributable to A: planci. Most coral areas 
on the windward side remain live and luxuriant. 


Tinian: This island was reported as primarily dead in 
1969, with above-normal populations of Ate panei” 1 Severar 
areas. Most dead areas were attributed to past starfish 
activities. Starfish worked both sides of the island, mostly 
on the outer reef slopes but with some coral kill on the reef 
flat areas. In 1970 expanded dead coral areas were noted. in 
the localities: of the 1969 infestations:* There was'a further 
decline in starfish numbers between August, 1970, and October, 
1971, with only one small population found on a reef top inside 
the western fringing reef in 1971. 


Rota: This island was reported as infested in 1969, with 
large numbers of A. planci and extensive reef damage. Further 
reef damage was found in 1970, but the starfish were declining 
in numbers. Apparently the situation was near stabilization 
in 1OYOR 


Aguijan: This small island (less than 5 km long) was 
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surveyed for the first time in 1970 and found to have a major 
infestation in progress. The number of starfish was conser- 
vatively estimated at 4,000-5,000, and there was extensive 
coral damage. By 1971 all A. planci had disappeared, and 
almost all coral was dead. This island originally had only 
scattered corals colonizing a rock platform; there was never 
a true infrastructure formed by reef-—building organisms. 


WESTERN CAROLINE ISLANDS 


Palau: Four localized areas with infestations were pin- 
pointed in 1969; all of these had extensive dead coral when 
surveyed in 1970. There was a marked decline in A. planci 
numbers between 1969 and 1971, and the situation in 1972 was 
Similar to that seen a year previous. Starfish and white spots 
can still be found commonly in the Seventy Islands, although 
this area is mostly dead now. No starfish have ever been seen 
outside the barrier reef, despite extensive surveys in 1971 and 
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Kayangel> Only nime fresh feeding sities and) no Acanthaster 
were observed on this atoll near Palau. The reefs appeared 
normal and healthy. 


Yap:4 , Onilywa fhewssitartish and) feedans. sates wenesisicen eit 
1969 and 1970. Reports by local residents of increasing numbers 
of A. planci led to the establishment of a control team in 1971. 
This team reportedly killed over 5,000 starfish, apparently from 


widely scattered areas. There is no evidence of any major con- 
centrations. 
Woleai: A small population of A. planci and scattered 


coral damage was reported on the inner side of the barrier in 
both 1969 and 1971, but the animals were apparently well dis- 
persed. The 1969 survey team felt that this was a situation 
which would bear watching, but there was essentially no change 
in the next 22 months after their survey. 


Ifalik: Only three starfish were found in 1969. No star- 
fish, but Ny feeding sites, were found in 1971. The reefs were 
healthy, and the status did not change in 22 months. 


Lamotrek: Only one starfish was reported in 1969. A 
minor infestation appeared to be in progress in 1971, with four 
Acanthaster and 96 feeding sites reported. The reefs generally 
were reported as "lush, normal, and healthy" both times. 


EFauripik, Elato, Faraulep, Olimarao and Satawal: These 
islands were surveyed for the first time in 1971. There were 
Signs of minor infestation at Faraulep; but, in general, all 
reefs appeared normal and healthy. 


CENTRAL CAROLINE ISLANDS 


Truk: Areas of major infestation were found in 1969. 
In 1970 these areas had more extensive dead reef. Apparently 
a major infestation continues to this day, even though large 
numbers of. Acanthaster have been killed. Starfish have been 
found outside the barrier reef and on numerous patch reefs 
inside the lagoon. They have been more .common on lagoon patch 
reefs than outside the barrier in recent months. Truk has the 
largest lagoon in Micronesia, and its barrier and patch reefs 
have not been thoroughly surveyed since 1969. 


Kuop: This small atoll near Truk had only one specimen 
of A. planci in 1969, but all its reefs appeared to have been 
substantially killed off at some time in the past. There is 
no convincing evidence that the kill was due to Acanthaster. 


Puluwat, Pulap, and Pulusuk: These islands were also 
surveyed for the first time in 1971. Only 25 starfish were 
seen on these three islands. A minor infestation was observed 
on the outer western reef of Pulusuk, but all reefs examined 
appeared normal and healthy. 


EASTERN CAROLINE ISLANDS 


Ponape: This island was rated Condition 4 by Chesher, 
who believed that it had recently passed from Condition 3. 
We rate it Condition 3 for 1971 and 1972 and believe that 
Condition 3 may have been a better assessment of the 1969 
situation. Large numbers of starfish have been reported killed 
by the control team. There has been significant Acanthaster 
activity both inside and outside the barrier reef. 


Ant: This small atoll near Ponape was reported as 
essentially dead by the 1969 survey team. However, the 1971 
team found large areas of exceedingly luxuriant reef in 
localities where the 1969 team had not surveyed. The 1971 
team also corroborated the 1969 team's findings of large areas 
of dead coral but did not feel that these could necessarily be 
attributed to Acanthaster. Both teams saw small numbers of 
starfish. 


Mokil: This island was surveyed briefly in 1969. There 
were scattered A. planci along the entire western coast but 
not enough to prevent the reefs being classified as normal. 


Pingelap: The entire barrier reef and lagoon were 
surveyed in 1969. There was some question as to whether this 
should be’ classified as Condition 2 or Condition 6. Along the 
southern and western coasts there were relatively large numbers 
of A. planci and numerous freshly killed corals, as well as 
much algae-covered coral. Elsewhere the reefs appeared normal. 
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Chesher believed that Pingelap had a seed population that had 
not had enough recruitment to continue rapid expansion. 
Pingelap has not been resurveyed. 


Nukuoro: There was a fairly large A. planci population 
in 1969 and some dead coral areas. The atoll was resurveyed 
in 1970, and a team member who went on both surveys estimated 
that there had been a population increase of 30-40% over the 
1969 condition. He still considered the starfish population 
to be within normal limits, however. 


Kapingamarangi: Small numbers of A. planci were seen in 
1969 and 1970, but the reefs were considered normal and healthy 
both times. 


DISCUSSION 


The resurveys show that there has been a definite overall 
decrease in Acanthaster planci populations since the original 
survey in the summer of 1969. In no case has there been a 
major new starfish outbreak since that time, with the probable 
exception of Aguijan. There has not been a major advance of 
an outbreak from Condition 2 to Condition 3 or from Condition 
3° to -Conda talon et: 


Of the islands reported as Condition 4 in 1969 (Guam, 
Saipan, Rota, Truk, and Ponape), there has been a marked 
decrease in starfish numbers on three islands (Guam, Saipan, 
and Rota) and a slight decrease on two islands (Truk and Ponape). 
Hence, Guam, Saipan, and Rota are now listed in Condition 5 
because they have passed beyond Condition 4, even though these 
islands still have extensive areas of healthy reef. Truk and 
Ponape apparently still have large numbers of A. planci but 
have much live reef remaining as well; hence, they are down- 
graded to Condition 3. 


Of the other islands surveyed and resurveyed from 1969 to 
1972, two larger islands (Yap and Palau) and a number of smaller 
islands have not experienced a major Acanthaster infestation. 
Palau apparently passed from Condition 2 to Condition 6 without 
having a large-scale outbreak, and there is no evidence that 
Yap ever had higher than normal starfish counts. 


We attribute. the marked, overall decline in, A.. planca 
infestation on these islands at least in part to control efforts, 
which have resulted in the killing of approximately 280,000 star- 
fish (as of February, 19'72)—-63,000,4an,Guam,. 12,000) an, the 
Mariana District, 16,000 in the Palau District, 5,000 in the 
Yap District, 113,000, 2m the Truk, District, and: 69, 000) inthe 
Ponape District. The case is most clearly documented for Guam, 
where control efforts obviously broke up the large migrating 
herds reported by Chesher (1969b). This situation probably 


applies to Saipan as well. We also suspect that control 
efforts. in Palau prevented the infestation there from advancing 
beyond the level of Condition 2. 


An exception to the suggestion of control activities as 
the cause of population decline is the situation that occurred 
on Aguijan, a small uninhabited high island in the Marianas. 
Personnel on the August, 1970, survey counted 3753 Acanthaster 
on the upper terrace and seaward slope around this island. In 
contrast to our original observations, only a single starfish 
and three feeding sites were seen during the resurvey in 
October, 1971. No control efforts were ever carried out on 
Aguijan. This is also the only case where the starfish simply 
migrated elsewhere on their own after killing almost all of 
the corals around the island. 


CONCLUSION 


Based on our three-year surveillance of the population 
levels of Acanthaster planci in the Mariana and Caroline 
Islands, we conclude that this organism is definitely on the 
decline and currently poses no widespread threat to the 
remaining reefs of Micronesia. This conclusion is based on 
repetitive field observations of the Same areas, in contrast 
to the speculation which has characterized much of the 
discussion of the Acanthaster problem. 
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